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Coneurretit  rtiotuliva  adopted  bg  the.  Stnate  January  17,  1894,  and  bg  fke  Home  of  Repra- 
itnlaUret  JanHarj/  IS,  1894. 

Btfolvedbg  the  Senale  (Iht  Boaie o/ Repretevlatimi  WBOiirrinff),  That  there  be  priuted 
or  the  Report  of  the  gmlthaoDliiD  iDHtitution  and  of  the  National  Hnseum  for  the 
jear  ending  Jnne  30, 1693,  in  tno  octavo  voliimen,  lO.OOOoopies,  of  which  1,000  copiea 
Hhall  be  for  the  nseof  the  Senate,  2,000  copies  for  the  use  of  the  Houho  of  Represent- 
ativfo,  5,000  oopiea  foi  the  use  of  the  Smithaonian  IiiatitntioD,  and  '2,000  copies  for 
the  nee  of  the  National  Muaeuni. 
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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


A  CCOM  PA  N  y  I NU 


The  auHual  repin-t  »/  the  Hoard  of  Regents  of  the  Inntitutwnfor  the  year 
ending  June  30,  1893. 


Smithsohiak  Institution, 

Washington,  D.  C,  July  1, 1893. 
To  the  CongreBS  of  the  United  States: 

In  acoordance  with  section  5593  of  tbe  ReviHed  Statnten  of  tlie  United 
States,  I  have  the  honor,  in  behalf  of  the  Board  of  Begento,  to  submit 
to  Congress  the  aunnal  report  of  tbe  operatiooH,  expetiditureH,  and  con- 
dition of  the  Smithsonian  Institution  for  the  year  ending  June  30, 1893. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servaut, 
8.  P.  Langley, 
Sei-retarj/  of  Smithsonian  Institution, 
Hon.  Adlai  £.  Stevenson, 

President  of  the  Senate. 
Hon.  Charles  F.  Gsisp, 

Speaker  of  the  Bouse  of  Reprenentativea. 
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JOURNAl  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


annital  mkhtino  iip  trr  boarn  op  rrokkts, 

January  25, 1893. 

The  annual  meeting  of  the  Board  or  Begents  of  tlie  Smithaonian 
InBtitntion  vas  held  to-day  at  10  a.  ni.  Present:  The  chancellor,  Mr, 
Chief  JoBticeFnller;  Vice-President  L.  P.  Morton ;  the  Hon.  J.  S-Mor- 
rill;  the  Hon.  S.  M.  OuUom;  the  Hon.  George  Gray;  the  Hon.  Joseph 
Wheeler;  the  Hon.  Henry  Cabot  Lodge;  the  Hon.  W.  C.  P.  Breckin- 
ridge; Dr.  J.  C.  Welling;  Dr.  Henry  Gopp^e;  Dr.  William  Preston 
Johnston;  John  B.  Henderaon,  e»q.,  and  the  secretary. 

A  letter  was  read  from  Dr.  J.  B.  Angell,  stating  that  his  nonattend- 
aoce  wqs  on  tuiconnt  of  important  business  engagements. 

The  secretary  then  preseutml  the  minutes  of  the  last  annual  meeting 
of  January  27, 1892,  and  of  the  special  meeting  of  March  29, 1892,  which, 
at  the  suggestion  of  the  chancellor,  he  read  in  abstract.  Beferring  to 
the  mention  there  of  authority  given  by  the  Regents  at  the  last  regular 
meeting  to  bring  the  matter  of  »u  additional  appropriation  for  admin- 
istrative expenses  before  Congress,  the  secretary  remarked  that  the 
time  had  not  been  considered  opportune  and  that  the  Regents'  authori- 
zatioD  had  not  yet  beea  acted  upon. 

The  minutes  of  both  meetings  were  approved. 

The  secretary  then  announced  that  the  Vice-President^  on  December 
20,  1892,  appointed  as  Regent  the  Hon.  George  Gray,  a  U.  S.  Sen- 
ator, in  place  of  the  Hon.  B.  L.  Oibsoii,  deceased.  Also  that  by 
joint  resolution,  approved  by  the  President  January  9,  1893,  Dr.  J.  B. 
Angeli  had  been  reappointed  a  Regent  to  succeed  himself,  bis  term 
expiring  January  19,  1893. 

The  secretary  announced  the  death  of  the  Hon.  H.  L.  Qibson  on 
December  15, 1892,  remarking  that  one  who  liad  known  him  longer 
and  better  than  he  had,  would  doubtless  say  what  was  fitting  in  this 
connection. 

Dr.  Johnston  then  moved  that  a  committee  be  appointed  to  draft  a 
suitable  meijiorial  and  resolutions,  which  was  carried,  and  the  chancel- 
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XII        JOURNAL  OF  PROCEKDINOS  OF  THE  BOARD  OP  REGENTS. 

mittee  of  tliree  to  report  the  reiwtatioiis  to  the  board.  l>r.  ■lolmstoti  then 
presented  the  followio^  memorial  anil  remilutionti,  which  vere  sdopttMl: 
Thk  Boahd  op  Rkiikntk: 

Yonr  i.'nnimrttno  report  tlikt  tlin  Hod.  Randull  l.«e  (lilmitu  wan  Bp)>oiuted  a  tC^gvat 
of  the  SmithuDisn  Itmtitutiun  llerpmlier  l».  lKe7,  unit  fillml  tb&t  office  until  tua 
death,  Decemlter  15.  1892. 

SeaatarGibHonbronKht  to  tho  tMrrormaDre  of  biit  dnties  aa  Rrsent «  rare  prep*- 
rstion  an  student,  RcLolnr,  and  Hti>l«i<iuan.  With  iuherited  taleola  for  oratory  mod 
with  strong  literary  ti-ndencies,  hn  xnm  surrounded  in  yoiWh  by  all  th«  inanan<-«a 
that  direct  th«  eneTgicK  of  man  to  the  )>ablic  welTare.  At  Yale  College  be  took  a 
very  prominent  stand  iu  a  groiip  iiol«d  for  tuleutb  and  entliusiaam.  Foreign  travel, 
the  study  uf  the  luw,  tlin  life  of  a  plnnfair,  a  itiHtingiiUUiMl  military  career,  ao<l  loog- 
service  in  tfao  Confess  of  the  IJniteil  States  tilled  litx  capacious  mind  with  a  atore 
of  a  rich  and  varied  experience  and  trained  liiin  for  tbe  highest  duties.  Life  waa 
tu  him  a  consecration  t<i  public  dnt)',  and  tlie  performance  of  that  doty  bis  fai|;b««it 
relicity.  IleiiHVotent,  lirave,  patient,  prudent,  faithfitl.  his  grace  and  g«utleiM-«a 
were  tli«  rick  drapery  uf  an  infli-xible  vill  and  tenacious  pnrpoee. 

Me  came  to  the  Suiitiisiininn  IiiBlitutii>n  nit  it  servant  animated  by  the  fnlleot  aense 
uf  liisrenpimsihiUties  aud  Hclf-pledgeil  tn  a  ri;;id  perfnnnance  uf  them.  Hisint«re«t 
iu  the  iustitutiuu  hns  Ireen  limited  only  liy  the  conilitioiis  of  his  poe-tiuu.  His 
death  is  a  loss  tu  hisState  and  bin  country,  in  whosu  councila  he  haa  aerved  far 
eighleeii  years. 

In  view  <if  these  fai'tii.  it  i» — 

Krtolrrtl,  That  iu  Hie  dnah  of  the  Hun.  Randall  I.ee  Oibson  the  .Smithsonian 
luMtitiltinn  has  lust  a  ^oulona  an<l  iinefiil  regent,  iiixl  its  l>oard  a  valaed  member 
whuite  neTviei's  can  ill  be  spared. 

Kmo/rml.  That  wo  lament  his  loss  as  an  acceptable  colleague,  a  gracJoiiH  gentle- 
man, a  patriutic  i'iti/«n,  aud  a  win>  statesman,  whose  iutereat  in  the  sitread  of 
kiiuwlrdge  aiunuj;  men  lltleil  him  well  fur  his  duties  ud  this  board. 

Kriilml.  That  Ihew  reaulntious  Ih-  entered  on  tbe  minutes  of  tbe  board  and  a 
n>py  be  trausmittnl  to  the  family  uf  i>nr  IVieuil. 

Ilr.  .liiliiiHtoii  iu)<1<mI  that  St-iiiitor  (libsoit'a  death  was  a  pnrticalar 
s«»rro\v  to  him;  tl»\v  Imd  Imh'ii  IVifiids  from  boytioiid  with  never  a  single 
Woiid  ill  (heir  tViciidshiii.  He  wn.s  with  Senator  Gibs«m  in  liis  last  Lours 
and  tVIt  ill  hi^di'iUh  it  pii'iit  iH'rsouiil  loss,  uud  he  did  not  doubt  that 
iill  who  know  biin  ix'rsotiully  n'trtt'ttcd  hi.s  hws  to  themselves  and  to 
thf  i-otilitvy. 

Tho  stH'W'titry  t\wf>  aunoiiiuii)  tho  dfuth  oit  March  4.  1892,  of  Dr. 
Ntwih  I'oilt-r.  «  rovnioi-  Kt'pnit. 

Th<*stvivtiirv  i>it'!ii'ul(«d  hi^  it-ihu-t  for  lln>  y«>ar  oiidin^ .Tnn«  30, 1892 
statioK  ''">•  "  ^*'*'*  '""iirtiK'd  lotuiiit^'i-s  of  iMiiiiir  iiii|Hti-tniice,matten!  of 
doiiiil  ln'iiitf  lonud  In  th.-  in.i«-tidi\.  Ib>  had  endoitvored  to  pnt  into  it 
oidy  m»Ht»'M  thiit  miilhl  dftn;nid  |nibtioiiy.  and  had  !irr,injr,tl  the  report 
in  thi!*  loiin  ao  «s  to  in>iinit  d  to  In-  tvud.  liv  h;id  dw.-lt  ;»t  some  length 
on  tholWdnivsol"  tin- Niiliomil  /.o.il<i>:it'id  l\nk.  The  i-est  of  the  report 
woidd  »|«-tik  fi.v  1C.-1I-.  hot  hi'  mtjil.t  .-all  .Ut.>uii,.n  t,.  st«t,>iMents  abotit 
^h^Mli^lHV'^n^on.>r  thol».>i>an'orniat  iMUtiouotMi,  H'Hijrfein's  gift  which 
was  !»iMviidl.\  diiii-ti>ti  1o  om-  |tiiii».w.  nod  to  tho  iVnin  of  .S4titie  ©f  (lie 
h>ttors\\iiil*>n  t..di«m>a>n*hwl  iin^n  all  o\ ov  Uh«  w,., id  hi  relation  t«  it 

Thi>  rt'iHHt  WW*  itwt'nU'il. 
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Dr.  Welling,  on  behalf  of  his  colleagues,  presented  the  report  of  the 
executive  committee  to  June  30,  1892,  which  was  adopted. 

Dr.  Welling  also  said  that  be  would  here  present  the  nsual  resolu- 
tion relative  to  the  income  and  expenditures  of  the  iustitation,  vhich 
was  adopted,  as  follows: 

Betoltvd,  Tbat  tbe  iiicume  uf  tlie  loatitution  forthefiBcal  year  ending  Jane  30, 
1S94,  be  appropriat«it  fui- tbe  serriut)  of  tbe  iuDtitutiuo,  to  be  expeudml  by  tbe  Secre- 
tary ivitb  the  advice  of  the  executive  cominittee,  upon  tbe  botis  uf  the  opetstious 
described  in  tlie  laat  anuual  report  of  said  committee,  with  full  diacretion  on  tbe 
part  of  the  secretary  na  to  items  of  expunditurett  properly  falling  under  each  uf 
tbe  heada  embraced  iu  the  eHtabliiihcd  conduct  of  tbe  iustitutioii. 

Dr.  Welling  theu  said  that  at  the  last  regular  meeting,  the  secretary 
bad  presented  a  statement  of  the  burdens  imiiosed  by  the  need!  of  his 
personally  siguiiig  all  purely  routine  money  papers,  and  the  boasd  had 
referred  a  resolution  on  the  subject  to  the  executive  committee,  with 
power  to  act.  He  woulit  now  present  the  result  of  their  action  as  fol- 
lows: 

Wabhinoton,  D.  C,  April  16,  189S.  _ 

Whereas  a  member  of  the  Board  of  RegeDtii,  at  their  lant  meetiug  on  January  27, 
1892,  offered  the  following  resoliitiou: 

"Utiolred,  Tbat  tbe  Secretary  be  empowered  to  appoint  Bome  suitable  peraon  wbo, 
iucaaeuf  need,  may  sigu  aucb  requieitioos,  vouchers,  abstracts  of  vouchers,  accounts 
currttnt,  and iDdorseraentsuf  checks  aodUrafta,  aa  are  needed  iu  the  current  buaineu 
uf  the  Institutiou  or  of  auyof  its  bureaus,  and  ure  customarily  signed  in  the  bureaus 
of  other  Departments  of  the  Uuverument." 

And  whereas  this  wus  referred  to  the  oiecntive  couuiitteo  ^ith  jiower  to  act — 

Keiolrtd,  That  the  executive  committee  approve  the  »Hulucioa  in  tbe  terms  pru- 
poaed,  aud  coulirm  the  Secretary  iu  the  powers  therein  mentioned. 

Jambs  C.  Wklung, 
Hknhy  CoppAk, 

J.  B.  HftNDERSON, 

Executive  Ctmmitlee. 

Dr.  Welling  a«lded  that  the  action  was  takeu  simply  to  relieve  the 
Secretary  of  what  was  becoming  a  too  heavy  tax  upon  hia  time  aud  in 
other  ways  an  increasing  burden,  aud  it  was  to  further  provide  that,  in 
case  of  his  absence,  the  work  of  the  Inntitutiou  should  not  be  bus- 
l>ende(l;  tbat  he  bad  uow  ])ower  to  delegate  authority  to  sign  sach 
routine  papers. 

Tlie  Secretary  announced  the  tieath  of  Mr.  Thomas  <i.  Hodgkins  on 
November  25,  1892,  and  read  the  following  obituary  notice: 

Hr.  TbouiBH  0.  Hodgkius,  who  died  at  Setaukcl,  Long  Island,  o[i  November  25, 
1892,  wae  bom  in  London,  England,  iu  18U3.  His  aucestora  were  clergymen,  and 
belonged  to  the  class  uf  English  gentlemen,  but  his  father,  whu  was  iu  reduced  oir- 
cumstauces,  was  unable  to  keep  him  at  Ktun  or  Harruw,  and  sent  him  to  France, 
where  he  remaiucd  for  his  education  until  ha  was  abunt  IS  years  old.  During  this 
time  his  language,  habits,  and  manners  became  rather  French  than  English. 

He  retnrued  to  England,  but  troubles  with  n  stepmother  made  his  homo  unbear- 
able, and  Bgainsi  the  urgent  entreaty  of  his  father  he  shipped  before  the  most  in  a 
trading  veasel  bound  fur  Calcutta.     The  ve:*sel  was  wrecked  near  the  mouth  of  tbe 
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Itangif,  ftnd  joung  }[odgkinB  found  liimself  iifonilew  uid  (Viendleu  in  CAloattm, 
wtiare  lie  wu  tafcttii  ill  anil  carried  to  the  hospital.  He  has  ainee  said  tbat  it  -^ae 
born,  U)d  when  bn  wiia  a  aick  lad,  who  was  told  that  ha  had  not  aix  montha  to  lire, 
that  ba  mode  np  hia  mind  that  lie  would  live,  that  he  would  acquire  a  fortnn«,  and 
that  ha  would  d«vota  It  to  largo  anil  phllantliropin  ends. 

lie  rocoverod  aufflciently  to  prepare  n  petition  to  the  Govomot-KSeneral  of  Indtft, 
who  waa  then  tbe  Harqnis  of  HastiiigH,  oxking  for  aid  to  letum  to  England ;  and 
ha  waikwIalimgdUtanofiinto  the coiiutry,  where  theGovernor-Genoral  was  atatying 
•tblaninintryaeat,  to  deliver  It.  Ho  arrived  at  the  vice-regal  resldeiicti  b&re  footed 
and  lll-ulad,  and  aakrd  an  auilience  with  the  ralerof  India  with  such  p«r8isteiiic« 
that  tb<<  attoDilanta,  who  at  fimt  refuiied,  flnally  consented  to  present  bia  petitiiw. 
'riila  •!)  liiiprMMMt  the  vkeni.v  wlitn  he  read  it  that  he  directed  that  tb«  young 
aalinr  afaoiild  ho  mlmltti-d  to  see  hlui,  and  the  interview  thnt  followed  ended  by  his 
wnvrlng  yiiung  llodgklus  n  position  Iti  his  household  which  any  gentlenwn'a  smi 
might  have  Weu  ullllTig  to  accept,  but  which  he  refnsed  from  bis  o  vena  n  a  taring 
wlah  tori'tiirii  to  bia  rullmr. 

I  thiiik  tlila  ciirloiiM  ail  venture  (as  It  uiay  almost  he  called)  deserrea  narration  aa 
all  lliilaliiui  lutlhurtlien'markitblu  rnrco  ofMr.  Hodgkius'schar»«teraud  ofthe  eri- 

itrii r  gnnllflhriH'ilIng  lils  maiiiiura  al^rays  bore,  iind  of  the  influence  both  had  on 

iilliKranvati  In  hlaoarlliwt  jcnrs. 

A  rt^r  Kiillig  liDiiia  lir  wetil  to  Hpnlu,  and  Inl^r,  returning  to  England,  be  married,  and 
In  |HIHIriiiiiiiljit)il«i'iiiititTy.  H<>  Immediately  engagi>d  inba8iness,whioIihepar«ned 
t»Hh  iliiri'iiilllliigi'iinrgy  Tor  thirty  years,  when  he  retired  on  what  was  at  that  time 
I'liiialili-h'il  a  liniiilwiiim  riiTtiin4<.  The  llfte<>n  yeara  following  this  be  spent  in  trav. 
Mllliig  iivxr  r,iiio|>i>  and  Aiiii>rlra,  and  in  IMT5  ho  settled  down  in  Setauket,  Long 
liliili'l,  ii|iiiii  Ilia  )iliii<n  "  Hraiiibletyi'  Fomi, "  which  be  rarely  left,  except  for  an 
(M  irnsliiiiNl  villi  III  Now  York,  until  bin  death. 

Mt.  MiiilgkliiB  wiiH  II  mail  ol'  rrmarkably  self-poised  mind,  eingnlarly  independent 
lit  Ills  liiiiiliw  iif  lh»ii||hi,  mid  liidppvudent  also  of  the  need  of  eooid  ooDrerae  or  of 
HdVHIiMMnii*  liili'iiiala.  Ml'  iipitilona  wen-  bis  on-n,  and  he  fonad  in  the  reading 
mIiIi'Ii  i'oiiIImiii'iI  IIimii  mid  In  Ibopnreor  bis  little  farm  abundant  and  agreeable 
tii'MipMlliiii  liir  his  iliii'lliiliig  .v<-nrii.  Ili»  was  a  niau  of  keen  lutelligence,  and  by 
IimIkio,  |i«iUii|i*,  nil II  MiMiniv  ttillikrr  nliil  a  nrholar  than  a  man  of  affaiia,  thongh 
i.>»H  jti  lli.>  liiMxi  i>ii|ii>i>ll,v  Ills  iibllliy  n'ii.i  pntvcn  by  his  suecess  in  business.  He 
tiiHur.aaiiil  n  111111111  «lll,  mill  |in>t  iti-llliiriiti-ly  formeil  and  tenacionsly  held  opiuiona 
III  tils  tiwii  III  liilulliin  III  ipjlutiiiii  and  philiHiupbical  (lueetioni.  In  regard  to  tbe 
liinii»t,  H  IIHiv  III'  kiinli'lnit  l.iiKiy  tlmt  bis  mind  was  of  a  devoat  cast,  and  that 
mIiIIh  Iiii  IiiiiI  lliiiiiiilil  tiMirli  h>i  bimn'lf,  ho  rrlained  to  tbe  last  an  absolnte  tmatin 

III"  'Hn 'I.11M.M  H.  till.  Iim.llou  iii,.ttvp«f  hisliPe. 

Ml  ll>iilMl<lii"h"il  Hn'iiiiM.i  llioi)  thirl)  y.ara  made  a  spn-ial  stndy  of  the  atnios- 
pli"i»  It)  III  hliilliiiii  III  lli.>  \M>II  1.1-liiB  .ilbnmaMily.  H»  Vlievod  that  moetof  the 
|ilH"li'ii|  HI  III  III  nlili'li   Hill  Ilk  I  ml  mi»  riiImio-i   sris*  fn>m  the  Titiation  of  the  air 

Mlilih  llii't  l>li"ilhi< .1  Hull  lliKHiiiilt  ,i(-  lli,-Htii>.wpbi>rr  ianotnnimportanteveD 

Mllli   )i-IhII.iii  I III'.   |i„ii„|  Hliil  .inin.i^l,  n*  wrll  a*  bis  physical  health;  and 

lli»i>uli  III'  illil  Hill  pi'liil  Hill  niiv  111 ■  .iiv,»),s,i„.„  liWlv  I.,  bear  fruit  in  the  utter 

illiiMliiiH,  II  Hitu  Ilia  |iii)ii>  iliiil  lliH  oi>i»i>nli«li«t)  i>f  tbi>iii:bl  npoo  tbe  atmosphere 
nii.llla  .Hill)  111.111  ..M,i,    |i,.i„|„|  M,.«,  MiMildiatiuw  Wad  to  r«ulto  which  would 

|l»M»    III.  llllKll.t  |||>I  i.lll   llili-liMt  l»  ll»>  «ll,,l,vl  . 

Ill  till!  |h*I  ii«|iii..|.  III!  |ii>||i>u  sli.mt  ilip  Hini.wphrTT.  itthiTwiae  clear  MOOgh, 
w«iii  ii.il  nhi<i\-<>>>iai  III  H.|li.«.  l-iii  »l...i„!li»;|ib.«o\«h<.  talk*,!  to  him  were  not 

mil'  lUiil  llii'i  livi>'  iiiidi'i.l I  til.  i\ill  iiii.*iims.  It  ik«t  3,1  kaM  plain  lliat  be  wis 

iii'll  iiiHli'iil  III  (ilnn'liU  liii.l  III  lliii  I'li^iKi-  111  SH.b  an  iiisliiatkm  »a  the  Sdiith- 
I'HiUH   rtiiil  III  liHMi  It  III  III,!  tiiiiiiv  liialnni-  i(n>  rv«n;t, 

llM  M*.  M'li  i'>|ilu.il,  li.ini.i*i,  III  III.  .|..i.>ni.>ii1i  «1<»I  II  was  not  for  aaaitarjsci- 
imi'i'm  m  \\\*\v\^\m\\\^\,»\  Hit  iltv  litiii  ln-iiu'dw,  ^1  MMdy  ahaear  ibr  tboae  vhieh 
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night  BMm  tnoBt  obvionsl;  enggMted  hy  tbo  wnHs  of  his  tniet,  to  praSt  excla- 
Bivel;  by  it,  for  he  bsUeved  that  erory  department  of  philoeopb;  (ueing  the  term 
in  ita  widest  sense)  would  be  found  to  be  finally  counected  with  eTerjr  other,  tbrongh 
this  common  boDd  of  nuiou ;  bo  that  it  was  bis  particular  desire  to  bave  each  varied 
Investigation*  In  the  atmoapbere  made  as  would  aid  in  the  knowledge  of  eaob  aod 
all  of  these  aspects  of  knowledge. 

Mr.  Bodgkina  brought  to  alt  bin  stadle»,  as  to  this,  a  very  letentlve  meatory, 
while  general  reading  and  travel  bad  stored  hii  mind  with  eingnlarlj  varied  infor- 
uatioD.  He  was  a  good  Frencli  soholarand  loved  to  quota  ftom  the  French  olsMios, 
His  catholicity  of  mind  was  BulBcientto  incIndeanotinconalderablceenseofbQmor, 
and  his  favorite  quotation  from  Boileaa  pointed  to  bis  consctonsnew  of  a  perhaps 
too  Imaginative  iudnlgence  in  bis  favorite  themes.  He  was  a  pnnctUions  corres- 
pondent, and  what  it  is  not  too  much  to  call  bis  reaMiterary  ability,  was  never  shown 
more  happily  than  in  his  letters,  which  were  in  maifr  respects  models  of  epistolary 
ease,  and  even  of  charm,  of  diction.  He  was  bospitablo  and  enjoyed  eotertaininif 
the  few  friends  whom  he  admitted  to  his  table,  where  bis  manner,  aa  a  boat  of  the 
old  school,  was  a  happy  one. 

Hr.  Hodgkinn  had  no  family  and  no  known  blood  relations,  and,  recognising  the 
dlfflculties  which  often  ariHe  over  the  settlemetits  of  large  estates,  he  chose  to  be 
bis  own  executor  rather  than  leave  the  disposition  of  hisafTBirs  to  those  who  might 
.either  misinterpret  or  disreganl  bis  requests  when  he  could  no  longer  appear  as  a 
witness  in  his  own  behalf.  He  therefore  gave  away  his  entire  estate,  amounting  to 
about  half  »  million  dollam,  to  various  public  inetitations. 

His  funeral  was  nnosteutatious,  as  he  requestsd  it  should  be,  only  his  intimate 
friends  attending.  Among  these  he  (the  Secretary)  was  numbered;  for  while  he  felt 
it  hisoEtlcial  duty  to  represent  this  Institution  at  the  funeral  ofonetowhom  it  owed 
sumuch,  he  desires  to  say,  in  conclndiug  this  briefnotice,  that  he  was  therealsof^om 
a  feeling  of  real  frieiiilship  and  regard  to  an  old  man  whose  singalar  powers,  whose 
lonely  tire,  and  whose  perhaps  often  unmet  affection  bud  drawn  the  speaker  to  him 
as  to  a  personal  friend. 

Mr.  Wheeler  remarked  that  the  gentleman  who  had  given  the  Insti- 
tation  BO  much  deserved  soinespecial  record  of  hisdeath,  aiidhemoved 
that  the  notice  should  be  extended  by  the  Secretary,  shonld  include  a 
statement  of  the  gifts  bo  had  made,  and  ehonld  be  spread  upon  the 
records  of  the  Board.    The  motion  was  carrietl. 

The  Secretary  then  presented  the  i>ortrait  of  Mr.  Hodgkins,  whinh 
he  stated  he  bad  wished  to  order  nnder  the  instmctions  of  the  Board 
daring  Mr.  Hodgkins's  lifetime,  but  owing  to  that  gentleman's  reluc- 
tance to  be  portrayed,  it  wa^  not  executed  until  alter  his  death,  and 
fW>in  a  photograph.  It  was  not  yet  finished,  the  artist,  Mr.  Bobert 
Gordon  Hardie,  desiring  its  return  in  order  that  lie  might  elaborate  it. 

The  Secretary  added  thatfroni  his  knowledge  of  the  original  he  consid- 
ered, and  that  the  assistant  secretary  Dr.  Goode  (wbo  waa  well  qnali- 
fled  to  jndge),  also  considered  the  picture  a  very  satisfactory  likeness 
indeed.  Dr.  Welling  remarked  that  it  looked  as  if  it  coold  hardly  be 
much  improved  as  a  likeness  by  much  greater  elaboration.  Mr,  I^ge 
said  that  while  be  could  not,  of  coarse,  speak  of  the  likeness  in  case  of 
one  he  had  not  seen,  the  picture  bore  its  own  evidence  that  it  was  a 
piece  of  good  work.     Other  commendatory  remarks  were  made. 

The  secretary  called  the  attention  of  the  Regents  to  the  action  taken 
ivitb  regard  to  tbftt  jwrtion  of  the  Hodgkins  fund  which  was  especially 
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r  d.lso  stated  tliHt  it  was,  however,  probablu  that  certain  bouds  deposited 
oy  Mr.  HodgkinH  in  a  trust  company,  though  forming  no  portion  of  the 
I  esiduary  estate,  would  come  to  tlie  institution,  and  lie  asked  the  instrac- 
lions  of  the  Kegents  aa  to  their  disposition. 
Br.  Welling  then  read  the  following  resolution: 

Seieleed,  Tbat  tlie  Secretary  be  autliorized  to  Mil  st  the  inurket  jirice,  any  bonda 
ur  securitira  nhich  may  nccrne  to  tlie  iuatitntion  as  Tesiduarj  legatee  of  the  late 
rhomaH  O.  Hodgkins,  or  from  any  trust  inatituted  by  bim  in  its  favor,  [f  it  is  in  the 
Secretary's  judgment  desirable  to  do  boj  aud  shonld  there  accrue  aoy  further  euni 
not  demaudiug  the  special  con  aide  ration  of  the  RegBDta  by  lis  importance,  tbat  he 
be  aiithoTizcd  tti  apply  it  to  the  general  purposes  of  the  institution. 

On  motion  of  Senator  Cullom,  the  resolution  was  adopted. 

The  Secretary  then  brought  before  the  board  the  matter  of  the 
change  io  the  organization  of  the  eBtablishment,  calling  attention  to 
two  points  for  consideration: 

At  a  meeting  of  the  Regents  on  January  28, 1891 ,  the  Secretary  stated 
tbHt  he  had  been  authorized  by  the  Presideut,  the  Vice-President,  the 
Oil  ief- Justice,  and  other  members  of  the  establishment  to  ask  for  legis- 
lation to  make  tlie  establishment  consist  of  the  President,  Vice-Pres- 
ident, Chief-Justice,  and  all  the  beads  of  Departments. 

Since  ths  Institution  was  established  the  place  filled  by  the  Commis- 
sioner of  Patents  would  seem  to  have  been  taken  by  the  creation  of  the 
Secretary  of  the  Interior.  The  Secretary  of  Agriculture  has  been  cre- 
ated, while  the  office  of  tlie  governor  of  the  Diotnct  of  Columbia  no 
longer  exists. 

The  proposed  change  would  he  covered  by  the  following  a4:t: 

Bt  it  enacted,  etc  ,  That  "  Au  act  to  cstabliah  the  Smithsonian  Institution  for  the 
iiicreane  and  diffnsion  of  knowledge  among  men,"  approved  Augnat  10, 1846,  Revised 
Siatutea,  Title  LXXtll,  be,  aud  the  same  is  hereby,  amended  in  Section  6579  of  aoid 
act  by  striking  out  the  words  "the  Secretaryof  State,  the  Secretary  of  the  Treasury, 
the  Secretary  of  War,  the  Secretary  of  the  Navy,  the  Postmaster-General,  the  Attor- 
ney-General,  the  Commiaeioner  of  the  Puteut-Offlce,  and  the  governor  of  the  District 
of  Colombia,  and  auch  other  persons  as  they  may  elect  honorary  members,"  and 
iuaerting  the  words  "the  heada  of  Executive  Depart  men  la,''  so  tbat  the  section  will 

"Skc.  6579.  The  Prestdeui,  the  Vice-President,  the  Chief- Justice,  and  the  heads 
of  Eiecnlive  Departments  are  hereby  conatitiited  en  establishment  by  the  name  i5f 
the  'Smithsonian  Institution'  for  the  increase  aud  ditTusion  of  knowledge  amocg 
men;  and  by  that  name  shall  be  known  and  have  perjietiial  succession,  with  the 
powers,  limitations,  and  restrictions  hereinafter  contained,  und  no  other." 

The  Secretary  said  that  he  had  consulted  the  President,  the  Vice- 
President,  the  Chief  Justice,  the  Secretary  of  State,  and  those  two 
members  of  the  Cabinet  mostly  interested,  and  had  their  sanction  in 
making  this  suggestion,  and  though  it  was  a  matter  which  concerns 
the  establishment,  he  thought  it  proper  to  state  his  proposed  action  to 
the  Kegeuts,  and  if  there  were  no  objection  on  their  part,  he  would 
infer  their  assent  to  this  the  first  aniendnient  sought. 
SM  !»3 II 
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The  !ie(.-i>Qd  change  proposed  by  the  Secretary,  after  consultation 
with  the  Chief  Justice,  and  after  an  examination  of  the  fundamental 
act  by  Mr.  H.  E.  Davia,  was  as  follows: 

To  amend  Se<'tion  5591  of  the  Reviswl  Statntcs  by  the  addition  of 
the»e  words: 

But  this  shall  nut  operate  us  a  limitation  ou  tbe  puverof  tlie&DiltbBoaiau  lastitD- 
tioD  to  reoeive  money  or  other  pTO|>erty  1iy  gift,  bequest,  or  devise,  uuil  to  hold  and 
dispoee  of  the  earae  in  promotion  (if  the  purposes  thereof,  and  as  proTided  in  the  next 

The  chancellor  naid,  with  regard  U)  legislation  concerning  the  fund*t, 
that  section  5591  miglit  possibly  ns  it  stood  appear  to  operate  as  a  limit- 
ation ;  and  that,  though  he  did  not  himself  consider  that  any  reason- 
able doubt  could  arise  as  to  the  right  of  the  Regents  to  hold  property 
outside  of  the  million  any  more  than  to  deposit  sums  within  it,  yet,  ont 
of  abundant  precaution,  he  had  approved  of  the  addition  of  the  words 
as  read. 

A  motion  by  Senator  M»)riill  that  the  Secretary  he  authorized  to  draw 
up  a  bill  providing  for  such  changes  in  the  legislation  as  were  desir- 
able in  sections  5570  and  5591  of  the  Revised  Statutes,  and  to  present 
the  same  to  the  Bunnto  and  IIouhc  through  Congressional  Regents,  was 
then  put  by  the  clium-cllor  and  carried. 

Thtue  heiiitr  no  ftirther  bnKinetts  to  come  before  tlie  boanl, on  motion 
it  iKljonriiHl, 
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REGENTS  OF  THE  SMrTHSONIAN  INSTITUTION 

For  thk  Year  Ending  JtTNB  30,  1893. 


To  the  Board  o/  RegenU  of  the  Smithsonuin  Jmtitution: 

Toor  executive  committee  rcBpectfully  submits  the  following  report 
in  relation  to  the  funds  of  the  Institntion,  the  appropriations  by  Con- 
gress, and  the  receipts  and  expenditures  for  the  Smithsonian  Institution, 
the  TT.  S.  ^National  Museam,  the  International  Kxchanges,  the  Bareaa  of 
Etbnology,  the  National  Zoological  Park,aud  the  Astro-PhysicalObserv- 
story  for  the  year  eiidiug 30th  June,  1893,  and  balances  of  former  years; 

SMITHSONIAN   INSTITITION, 

CandUinn  nf  the  fund  July  1,  18U.H. 

The  amount  of  the  bequest  of  James  Smithson  deposi^'ed  in  tlie  Treas- 
ury of  the  United  Stjitea,  according  to  the  act  of  Congress  of  August 
10, 1846,  was  »515,1C9.  To  this  was  added,  by  authority  of  Congress, 
February  8, 1867,  the  residuary  legacy  of  Smithson,  savings  from  income 
and  other  sources,  to  the  amount  of  $134,S31. 

To  this  alKo  have  been  added  a  bequest  from  James  Hamilton,  of 
Pennsylvania,  of  tl,0O0;  abequof<tof  Dr.  Simeon  Habel,  of  New  York, 
of  $500;  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500,  and  a  gift 
from  Thomas  G.  Hwlgkina,  of  New  York,  of  $200,000,  making  in  all,  aa 
tbe  permanent  fnnd,  $903,000. 

SlaUment  of  the  r«etipU  and  exfeadilurei  /ram  .lalg  I,  isn;,  t„  June  .10,  IS9S. 


CiisL  oil  IiiiuclJuIy  I,  1892 W7,«7ri.33. 

IntereHton  fimd.Iuly  1,  18.12 t27,090.00 

iDterfntoii  fiiiKlJnniiary  I.  1833 27,(H«0.00 

r>i,  180.00 

»io-i.  055. 39 

CftBh  from  ealeu  of  piiMiriitiiuis 556.58 

CaBbfrinn  repay mmits,  freight-,  stc 3.235.  !>fi 

3,792.54 

Tntnl  r^vriiK- lp5,M7.: 


C 


6,M7.87 
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Kffoin.  tan:,  simI  iiDpruveiueDU «i,0OS.9i 

Fani(areso4  Silnre* 6S8.  IH 

«3. 2SM.  12 

M««tiag> iSa.W 

PosUfeaod  telegtaph 356.18 

fHmtiautrj 628.08 

Ociwnl  priDttDf 279.83 

liieideatalfl(fiul,  RU,  etc.) 3,793.72 

Library  (bo<ik«,  periodicals) 1,665.75 

SaUriea' I8,7M.92 

25,9!i7.4« 

Pablicationa  and  rcaearcbM : 

Smithantiiaii  contribattoiu 2,731.62 

MiscetUoeoiu  coUectioiu 6,670.64 

Reporta 801.60 

RM«arcb«e 3,010.95 

Appatatua 1,808.56 

Hoteam 1,045.38 

Hodgkius  fund 1,912.13 

17,980.88 

Literary  ati.l  BcioHtific  exebaiigea 1,518.57 

$48,755.05 

Balauce  iiiieii>eu<le<l  Jiiue  30,  1893 57,092.8a 

The  cash  received  from  tbe  sale  of  publicatiouB,  tcom  repayments  for 
freights,  etc.,  is  to  be  credited  to  tbe  items  of  expenditure  as  follows: 

IncidentaU 912.25 

Smitbsoaian  contributions t616.32 

HiacelUne(inBcolle<'tioiiH 172.16 

Beporta 69.10 

566.58 

Apparatus 148.50 

Huaeum 1,541.22 

EicbanguB 1,483.99 

Services 50. 00 

3.792.54 
The  net  expeuditiii-eH  of  the  Institutiou  for  tbe  yettr  eiuliiig  June  3<l, 
1893,  weie  tberefore  844,fl62.51,  or $3,792.54  Ipsa  tliaii  the  {:ro«8  expeudi- 
tures,  $48,755.0i»,  »n  above  stated. 

All  moneys  received  by  tlie  SmitUsoiiiau  luatitutioti  from  iuterest, 
sales,  refundlDg  of  moneys  temporarily  advanced,  or  otherwise  are 
deiKisited  with  the  Treasurer  of  the  Uuit<'d  State.-*  bt  the  credit  of  the 
Secretary  of  the  Institution,  ami  all  ])aynient»  are  made  by  his  checks 
ou  the  Treasurer  of  the  United  Wt^ites. 

*In  addition  to  tbu  ubovu  918,751.92  giiiiil  for  RiilaHet  onder  geueml  expeuaes 
•6,719.81  were  paid  for  nervi- .*,  vi>;,  Jill. 07  <'l.urK«d  tu  apparatus  account,  $1,500  to 
buildiu);  account,  ^23.S7  to  liijniry  accnuul,  ^2,854.05  to  n-Hearcbes  Rcciiunt,  aud 
(1,399.92  to  Kmitbsonian  rontribul.ion  acrountH. 
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Yonr  committee  also  preseots  the  following  statemeDts  in  regard  to 
appropriations  aiid  expenditures  for  objects  intriist«4l  by  Congress  to 
the  care  of  the  Smithsoniaa  Institution : 

INTBRNATIONAL   EXCHANOKS. 

JteoeipU. 

Appropriated  by  CoDgress  for  the  fiscal  jeftr  endiog  Juii«  30, 1893,  "  Tor  the  ezpenaes 

of  the  syilem  uf  interDsCional  exchaages  between  the  United  5(at«a  aud  foieign 

conntrieB,  under  the  diFectibnaftbe  SmithBonian  Inetitution,  inclnding  nslarieB  or 

conpeniatioD  of  all  neceasary  employee." 

Sundry  civil  act,  Augast  5,  1892 «12,000.00 

DeticieDcy  act,  March  3,  1893 6, 000. 00 


Expenditure*  from  July  1,  189S,  to  Jane  ■ 


17,000.00 


Salaries  or  compenBution :  ' 

1  curator,  12  months,  at  «225 

1  ileik,  12  months,  at  $160 

1  olerk,  12  months,  at  9120 

1  clerk,  12  montha,  at  $85 

1  clerk,  12  months,  rtt  980 

1  clerk,  12  monthi,  at  975 

1  clerk,  12  months,  at  975 

1  clerk,  12  mouths,  at  $66 

1  clerk,  1^  moDths,  at  $45 

t  <'lerk,2  months,  at  $40,  $80;  IT  days,  at  $40, 

922.67 

1  stenographer,  3  months,  at  $45 

1  copyist,  1  month,  at  940,  $40;  16  days,  at  $40, 

919.  S5 

1  packBr,nmontha,  at$75, 9375;  7 mouths,  at960, 


1  packer,  5  months,  at  950.. 
1  laborer,  5  mouths,  at  935.. 
1  laborer,  92  days,  at  91. 50. . 
1  agent,  6  months,  at  983. 33} 
1  agent,  6  mouths,  at  950 


Total  salaries  or  compe: 
ineral  expenses; 

Freight 

Packing  boxes 

FnutiDg  and  bindiog. ... 

Postage 

Still ionery  and  supplies.. 


92,700.00 
1,920.00 
1,440.00 


900.00 
900.00 
780.00 


725.00 
250,00 
175.00 
138.00 
500.00 
300.00 


1,637.57 
441.40 
198.60 
150.00 


Total  «x|»enditure  from  July  1.  1892,  to  June  30, 
Balance  .tuly  1,  Itl93,  to  meet  uuMtanding  liabilit 


'The  payments  of  salaries  for  parts  of  months  in  January,  March,  July,  Angust, 
October,  and  December  are  made  on  the  basis  of  31  dnys,  and  for  the  other  monthc 
(except  Fehraary)  at  30  days. 
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Appropriation  b;  Congreu  for  the  Bscal  year  euding  JaneSO,  1893,  "for  ooDtiDning 
elhaological  reseordiea  among  U10  American  Indiani,  under  the  direction  of  tba 
Smithsonian  Institution,  iDcluding  ealnries  or  compensation  of  all  necesaary 
employ^a."     (Sundry  civil  act,  August  5,  1892) «40,000.00 

Balanee  July  1, 1893,  as  per  last  annual  report 15,008.06 

55,006.06 
The  actaal  conduct  of  these  investigations  has  been  continned  by  the 
Secretary  in  the  hands  of  MsJ.  J.  W.Poneil,  Director  of  the  U.S.  Geologi- 
cal Sarre^r. 

Ezpetidittirei  July  I,  189t,  to  Juna  SO,  1S9S. 

Salaries  or  compensation : 

1  ethnologist,  12  ntonths,  at  $250 93,000.00 

1  ethnologist,?  montlis,  at  $250 1,750.00 

2  etliDOlogistH.  12  inoulhs,  at  $200 4, 800. 00 

1  ethnologist,  12  months,  nt  9166.66 1, 999. 92 

2  ethnologist*,  12  monthe.  at  $150 3, 600. 00 

1  ethnologist,  13  moothH, at  $133.33 1, 733. 29 

1  assistant  ethuologiHt,  9  months,  at  $116.66,   $1,049.94; 

21  days,  at  $116.66,  $87.49;  14  days,  at  $116.66, «l>4.44..  1,191.87 
1  assistant  ethnologist,  2uontha,  lit  $100,  $21)0;  10  moutbH, 

at  $116.66,  $1,166.60.   1,366.60 

1  asBistant  ethnologist,  2)  mouths,  at  $75,   $187.50;   94 

months,  ut$100,  *950 1.137.50 

1  assistant  ethnologist,  71  months,  at  $60 452. 14 

1  archceologist,  12  njontbs,  at  $216.66 '. 2, 599, 92 

1  aesiBtaut  archieglogist,  12  monthe,  at  $125 1, 500. 00 

2  assistant  anrhteologists,  12  months,  at  $100    2, 400. 00 

1  stenographer,  12  months,  at  $125 1. 600. 00 

1  stenographer,  1  mouth,  at  $60 60. 00 

1  draftsman,  2  months,   at  $183.33,   $366.66;   14  dnyx,   at 

$183.33,  $83.79 449.45 

1  draftsman,  2  months,  at  $116.66,  $233.32;    14  days,    at 

$116.66,  $52,68 286.00 

1  clerk,  12  months,  at  $100 1 ,  200. 00 

2  clerks,  12  months,  at  $60 1. 440, 00 

1  copyist,  12  months,  at  $70 840. 00 

1  copyist,  2j  muntlis,  at  $83.33,  $208.32 ;  9)  nuiuths,  at  $100. 

$950 1 , 158. 32 

1  copyist,  12  months,  at  $50 600. 00 

1  raeceenger,  12  months,  at  $50 600.00 

1  laborer,  12  months,  at  $50 '  SOO,  00 

1  modeler,  12  months,  at  $60 720. 00 

Total  salaries  or  fouii«-iis:iti.iu  36.985.01 

Miscellaneous: 

Traveling  e>:peDses $3, 281. 36 

Field  expenses 311,50 

Drawings 970.25 

Stationery 159, 05 

Freight 223  53 

Field  material 137  73 

Supplies 1.711.14 
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Hiwellaneoua — CoDtiuueil. 

PnblicationB *399. 36 

SpecimoDS 3.00 

Mi»cell«Deane 310. 81 

$7,  513.  76 

$«,498.77 

Balauce  July  I,  1893 10,509.29 

Bxpenilitureii  rectassified  by  sultject- matter: 

SigD  language  aad  picture  writing iH,  408.65 

Exploration  of  mounds 2, 401. 60 

RMearcbes  id  ArcbKologj- 12,280.59 

Keeearcbes,  laDgnage  of  Nortb  Americftn  Indians 13, 015.58 

Salaries  in  office  of  Director 7,398.32 

IlluatrationsforTeports 2,196.34 

RcMari'hes  among  Pueblos 1, 621. 77 

CoDtinKont  eipensea 1, 175.  71 

Total  exiieiidltiirea  Noi'lh  A  iierirati  etlinolo^.v M4,  498.  77 

BalBu.!!  July  1,  1893 10,509.29 

.fanrntarg. 

July  I,  189a.     lJnl»i.c«  ou  bBud *15,O0S.O6 

Apiirijpriation  for  Kortli  American  etbnolonv 10, 000. 00 


NATIONAL    MVSEUM. 
I'KlfHKIIVATIIIN    111'   COLLKCTIONS.  .Ill-Y  I.   I«t2.  Til  Jc.NkSO,  1893. 

Jitcriiil.. 

Appropriation  bv  Congress  for  tbe  flscal  year  euding  June  30,  1893,  "fur  continuing 
the  preMrvation,  exbibition,  anil  increaseof  the  loltecliuDH  from  tbe  surveying  and 
ezploringeipediliousof  tbe  Ouvernment,aud  from  otbersouri'es.  incluiliDg  salaries 
or  compeusation  of  all  iipceasary  employes: '' 

Sundry  tivil  act,  Augusts,  1892 *132,500.00 

Deficiency  act,  March  3,  18»3 2,000.00 

134,500.00 


1  AKBiHlaot  Se<-retary  of  tlie  Smithsonian  Institution,  ii 
charge  of  IT.  S.  National  Museum,  12  mnnlhs,  at  »333.  3 


1  curator  (in  charge),  12  montbs,  at  »225 +2,70i».00 

3  onratom,  12  mouths,  at  $200 7, 20(1. 00 

1  curator,  12  luontbs,  at  $175 2,  100. 00    ■ 

1  carator,  12  months,  ut$100 l,2i«.0p 
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SslnTies  or  compeDsatiou — Contioued. 

1  niralor,  6  months,  at  9150;  6  monCbH,  at  $Ka «1, 830. 00 

1  nirntor  (acting),  13  month*,  at  *140 1, 8S0. 00 

1  UMiHtBiit  curator,  12  nionths,  Ht  «I66.6e 1, 999. 92 

1  asBiBtaiit  rnrntnr,  10  nionthH  13  daye,  at  tUO 1,458.71 

1  assiHtant  curator,  II  mouths  I-l  dniTB,  at  9133.33 l.iiiS.Sa 

I  aasistaat  curator,  9  mootba  27  da;a,  at  $135;  1  month, 

»t»iOO 1.335.61 

1  asiistaut  curator,  230  aaya,  (It  $5 1.150.00 

1  aaaintant,  13  months,  at  980 960.00 

1  asoietaut,  OmontfaB,  iit$85 765.00 

1  aid,  13moDtUa,  at  9100 1.300.00 

1  aid,  12  mouths,  at  $80 960.00 

1  aid,  I  month  16  days,  at  980 iJI.28 

1  aid,  2  months  IW  days,  at  $75 300.00 

laid,  I2moLtl.s,  at  (6i> 720.00 

laid,  15  days,  at  960 39,03 

1  aid.  4  montho  1.1  days,  at  ^0 324.19 

1  aid,  I  mouth,  iit  9i>0;  25  day,  at  950  per  month.  940.33; 
23  (iHys,  at  $.50  p.T  mrmtii,  $3».33;  7  dayH,  at  950  jier 

mouth,  $11.39 139.94 

laid,  13  mouthy  at  9)0 480.00 

1  aid,  3  monthi9  8  days,  at  940 1.30.32 

1  aid,  1  month  ledayc.  at  940 UO.tS 

1  collector,  3  months  15  days,  at  #140 4M7.  74 

1  ro1leeti>r3mouthH.  nl  $50 100.00 


1  chief  clerk,  12  uioutha,  at  91H7.51) 2,250.00 

Ichief  of  division,  6  months,  at  $175;  6moDtbB,at$lti&..  2,160.00 

IreRixtrar,  12  months,  at  $158.33 1,899.96 

1  disbursing  clerk,  12  months,  at  9100 1,200.00 

1  assistant  librarian,  13  mouths,  at  $100 .  1,200,00 

Isleuographcr,  12  monlhs,  atfSo 1,030.00 

I  stenographer,  5  months  11  days,  at  $50 367.74 

1  clerk.  12monlh8,iit$12.j..   1,500.00 

2  clerks,  12  mouths,  at  $115 3.760.00 

2  clerks,  12  months,  at  9100 2,400.00 

1  clerk,  1  month,  at  $100 100.00 

1  clerk,  12  months,  at  990 1.080.00 

1  clerk,  12  mouths,  at  $83.33 999.  S6 

1  clerk,  6  raontha  8  days,  at  $75 469. 35 

1  clerk,  12  mouths,  at  970 840.00 

1  clerk,  9  months,  nt  $70 630. 00 

1  clerk,  9  mouths,  at  $70;  3  mouths,  at  $60 KIO.OO 

2  clerks,  12  mouths,  at  $60 1.440.00 

1  clerk.  0  mouths  16  days,  at  $60 390.97 

1  clerk,  3  months,  at  $60 180,00 

1  clerk,  1  month,  at  $60 60.00 

3  clerks,  12  months,  at  S5a 1.980.00 

1  clerk,  11  months  28  days,  at  $:'i5 6.-4.68 

3  clerks,  13  months,  at  $50 1.800. 00 

1  clerk,  5  months,  at  $50 ■  250.00 

1  clerk,  3  mouths,  iitJSO 150. 00 

I  clerk,  8  days,  iit  950 12.90 

r  ■,:;;.  ..Google 


REPORT    OF   THE    EXECDTIVE    COMMITTEE. 

JurioB  III'  compensation — Cootinued, 

Icopjiat,  12iDoiit1iB,  at»55 •660.00 

2  copfisto,  13  ra«ntbi.  at  «50 1. 200. 00 

I  copjiot,  6  moatbs  28  days,  at  $50 341. 94 

iFop.viat,  4  nontlig  S8  days,  at  190 '.'46.67 

1  copyist,  3  months,  at  $50 150. 00 

1  copyist,  11  months,  at  $45;  I  month,  iit»35 530.00 

5  copyiBto,  13  months,  at  $40 2,400.00 

1  copyist,  2  moDths,  at  $40 ,- 80. 00 

Icopj-ist,  1  month  16  days,  at  $40 60.64 

1  copyist,  12  months,  at  $35 420.00 

1  copyist,  Smonllis,  at  $35 280.00 

IcopyUt,  3  months  12  days. nt  $35;  7 nionths, at  $30  ....  328.55 

1  copyist,  12i[iOLths,  at  $30 360.00 

1  copyist,  11  mouths  29  diiys,  at  $30 359.00 

1  typewriter,  9  moiillit,  lit  $50,  $450;  28  days,  at  $50  per 
month,  $4o.l6i  26  days,  at  $50  per  month,  $43.33;  26 

days,  nt  USO  per  month,  $41.94 580, 43 

1  typewriter,  I  month  7  days,  at  S50;  3  months  24  days, 

nt$30 174.5a 


1  preparator,  12  mouths,  at  $120 I,  HO.  00 

1  prepiratur,  8  mouths,  at  $100  per  month,  $800;  23  days, 
atflOOper  month,  $71.19;  16  duys,  at  $100  per  month, 

$51.61 1)25.80 

1  prepamtor,  9  mouths  16  days,  at  $80 761.29 

1  preparator,  1  mouth  16  days,  at  $75 1 13. 71 

I  prepatator,  16  days,  at  $75  per  month 38.71 

1  preparator,  5  mouths,  iit  $60,  $300;  28  days,  at  $60  per 
month,  $54.19;  28  days,  at  S60  per  mouth,  $54.19;  1  day, 

at  $60  per  month,  $2. 14 4 10. 52 

1  preparator,  4  months  21  days,  at  $40 190.00 

1  proparator,  1  month  16  days,  nt  $40 liO.  65 

1  preparator,  1  mouth,  at  $24 24.00 

1  artist.  13  months,  at  $110 1.320.00 

I  photographer,  12  months,  at  $156.33 1,899.96 

1  taxidermist,  12  months,  at$l^ 1,500.00 

lUiidenuist,  1  mouth  17  days,  at  $80 123.87 

I  taxidermist,  12  mouths,  at  $60 720.00 

1  taxideimist,  1  month  16  days,  at  $60 90.97 

Itazidetnust,  1  mouth  16  days,  at  $60 90.97 

1  taxidermist,  16  days,  at  $50  per  month,  $25.81;  15  days. 

atSSOper  mouUi,  $25 50.81 

1  taxidermist,  16  dnys,  at  $50  per  mouth 25.81 

1  taxi  derm  JBt,  1  month  16  days,  at  $40 60.^ 

1  laildermtst,  2.M1  hours,  at  43  cents 1, 126.  80 


1  siipevihteudeut,  12  months,  at  $137.50 1,  H-'xi.  IK) 

1  sssistant  snperint«udent,  2  months,  at  $100;  10  nionthn, 

iit  $90 1 ,  100. 00 

3  chiefs  of  watch,  12  months,  at  $66 2. 310. 00 

1  nah'hmnn,  12  months,  at  $65 780.00 


~.oogIe 


REPORT  OF  THE   EXECUTIVE   COMMITTEE. 


BBlaries  or  oompennatiou — Continiied, 

t  eDgineerof  property,  ISdkys,  at  tlT5  p«T  moDtb tS4.68 

1  carpeDt«r,  201  d»y«,  at  C3 8S2.00 

IcarpeDter,  234  days,  at  93 702.00 

Icarpenter,  40day«,  at$S 130.00 

1  carpenter,  33  Ag,ya,  at  93 99.00 

1  carpenter,  21  dajs,  at  93 63.00 

1  carpenter,  I  month,  at  991 91.00 

1  cabinetmakBT,  297  daya,  at  93 891.00 

1  painter,  1 1  nioii  Ihe  20  days,  at  ffiS  per  month 756.  M 

1  storekeeper,  3  inoutb  a,  at  970 210.00 

1  property  clerk,  12  months,  at  990 1,080.00 

1  skilled  laborer,  8  months,  at  960,  9480;  26^  days,  at  960  per  montb, 

953;  29  days,  nt  960  per  monlh,  $3f).13i  2  months,  at  ^0,  9100 689.13 

1  skilled  laborer,  11  months  15 1  days,  at  950 .■)75.00 

1  skilled  laborer.  1  montb  8  days,  at  «60 67.40 

1  akilled  laborer,  288  days,  at  92 576.00 

1  Hkilledlaliorer,  Gldaya,  at*2 122.00 

1  skilled  laborer,  40  days,  Bt  $2 80.00 

1  skilled  laborer,  179  days,  at  91.75 313.25 

1  laborer,  8  months  29  days,  at  940;  2  months,  at  94 1.50 440.42 

1  lal>orRr,  1  month  16  days,  at  940 60. 66 


Speiiftl  wrvire  by  Job  or  i^oiitrnit 91. 22 

Total  expenditure  Tor  anlaries 7.994,69 

HiacellaDeouB : 

Cases .W6.5? 

Drawings  forcaaes 34.50 

Drawers,  troys,  boxes 262.60 

Framon,  stands,  etc 16.00 

Glass 774.92 

Hardware '. 649.50 

Tools 25. 08 

Cloth,  cotton,  eir 47,53 

Glass  jars 438.10 

Lumber 501. 44 

Paints,  oils,  etc 383.  K 

Office  furniture 48.22 

Metals 30. 89 

Rubber  and  leather 21.86 

Apparatus 118.20 

Slati-,  brick,  eto 6.50 

Sky-li)chts 160, 00 

4.1)66.23 

Total  expenditure  July  1.  1892,   to  Jnne  30,  1893,  for  furniture  and 

fixtures,  1893 12, 059.  91 


idiuK  linbilitieH 2,940.09 


^dbyCoogle 


REPOKT  OF  THE   EXECUTIVE   COMMITTEE. 

Heailnij,  ligkliiK/,  cUctric  and  teUphonic  irrvice,  July  J,  1S9S,  lo  June . 


Appropriutiou  by  Congrosa  fur  the  fiscal  year  endiog  Jane  30,  1893,  "  fur  cxpeaseB 
of  li«atiDg,  ligbtiDg,  electric,  telegraphic,  and  lelephoDic  service  for  Ih'e  National 
UoMam": 

{Sandry  civil  aot,  August  5,  1892) »11, 000, 00 

UeBcieac J  act  of  March  3,  18S3 ) 2, 000. 00 

13,000.00 

Solar  irs  or  coiDpeoeatioD ; 

1  engineer,  12  months,  at  ClIS (1,380.00 

^firemeny  13  moDthB,  at  (SO 1,200.00 

Ifireman,  11  months,  12  days,  atfSO STO.OO 

ltelephoueclerk,12moDths,  at«60 720  00 

1  aMistant  telephone  clerk,  12  mouths,  at  #35 420. 00 

1  laborer,  1  month,  at  t45;  6  months,  at  $40.50;  3  inooths, 

at»3»;  1  month,  at  *J7. 50;  3  months,  at  936 474.00 

Special  service  by  joh  or  contract 19.00 

Total  eKpeDditiirc  for  salaries ;''4. 783.00 

General  ezpeusee: 

Co«l  aud  wood ^,003.04 

Gas 1.253.64 

Telephone 730.08 

Electric  sapplies 67. 73 

Rental  cf  call-boxes 100. 00 

Heating  supplies 222.47 

7,376.97 

ToUleKpendltareJQly  1,1892,  UiJuueSO,  1893,  for  heat- 
ing and  lighting,  etc.,  1893 12,159.97 

Balance  July  1,  1893,  to  meet  outstanding  liabilities 840.03 

Pottagt,  July  1,  I89S,  to  June  30,  189S. 


Appropriation  by  Congreae  for  the  fiacal  year  ending  June  30,  1893^ 
postage  stamps  and  foreign  postal  cards  for  tbe  National  Mne 
(enndry  civil  act,  Angust  5,  1892) 


City  post-otUce,  for  poi 
ApprojiriBtioii  nil  o 


Appropriation  by  Congress  for  tlie  tiscal  year  ending  June  30,  1893,  "for 
the  Sniitbsonian  Institutiun,  for  printing  labels  and  blanks  and  for  the 
'Unlletin'  and  volumes  of  the  I'rot^eedings  uf  the  National  Museum' 
(sundry  civil  act,  Augusts,  1892) J12.000.00 


.,CJoogIe 


XXX  REPORT   OF    THE    EXECUTIVE   COMMITTEE. 

KXPKNDITITBBS. 

Biilletina  Xos.  40, 43, 44,  «S 92, 351. 23 

Bolletin  No.  39,  extras. 155.06 

Bulletins,  special,  Ko9.  I  and  2 1, 315.  TO 

Proceedings,  vols.  14, 15, 16 2,604.S7 

Reporta,  eitnu 2,228.40 

LlBte,  etc ■ 80. 18 

Labela  for  specf  mens 2,128.82 

Letterheads,  pods,  BDd  envelopes 268.93 

Blanks 230.05 

Record  book* 48.22 

Electros 7. 00 

CoDgresaioiial  Records 24.00 

Total  exiteDditure «11, 04186 

Balance  Jnly  1.1893 358.13 

Building. 

Balance  July  I,  lKtl2,  as  p<'r  last  annaal  report »525.36 


From  July  1,  1892,  to  J  a  ue  30,  1893 $522. 53 

Balauce  carried,  under  the  provisions  of  the  Rievised  Statutes,  sec- 
tion 3090,  by  the  Treasury  Departmentto  the  credit  of  the  surplus 
fund,  June  3,  1893 2.83 

DhIui  on  arlicUi  imparled  /or  the  !fatil>nal  MuieHm. 

Balauce  July  1,  1892.  as  iwr  last  aoDual  report $38.25 

Paid  direct  by  Treasury  Department 5.00 

Balance  carried,  under  the  provisions  of  Revised  Statutes,  section 
3090,  by  tbe  Treasury  Department  to  the  credit  of  the  surplus 
fund,  June  30,  1893 53.26 

I'reta-valioH  of  collefliout,  I8fll. 

Balance  as  p^r  last  report,  July  1,  1892 S291.58 

Expenditures  to  Jnue  30,  1892: 

Specimens *:i60.  23 

Books 6.03 

Freight :'4. 28 

Total  e^ttieiidi  ttire 290. 54 

Biilance  July  1,  1893,  carrrind  uiid>-r  tlie  proviiiions  of  Revised 
StiitiitCH.  section  30H0,  by  tbe  Treasury  Depnrtnirnt  lo  the  credit 
of  tlie  surplus  fund,  June  30,  1893 1.04 

PrenervatioB  of  collecUoai,  IHUS. 

Bslance  ss  per  last  report,  July  1,  1892 $8,818.14 

EipeDdituTPstoJune  30,  1893: 

Salaries lM40.  00 

Special  services 330. 11 


$770. 


ihogle 


Ezpeuditurea  t 

Supplies.. 
Stationety 

Tr»vel .... 


REPOHT  OF  THE   EXECUTIVE  COMMITTEE. 
:i  June  30,  1893— Con  tinned. 


..    $337.50 

..     375.60 

..fi,320.23 

89.69 


Total  expenditure  tu  June  30,  1893. 
Balance  July  I,  1893  to  meet  uiilatni 

Total  exptHiiilHrtt  of  IhK  approprialim 

|A|ipmprl»tio 


(ling  liMbilltieH 

/oT  pitttrmtina  v/  rollr.clloH 


I  M.tBK. 

SilarlH '  »IM.7S1.*3 

SuppllH I  2.0Je.7« 

SUtionery 

apeclmeot 

Tr»v«l 1,S7).81 

Freight !.  IBO.BS 

Bnok* 4S3.00 


nS.W  I        1.2lt>.S» 


e.  iBi.Bi 


FHmilHre  and  Jlxlara,  1891. 

Balance  July  1,  1893,  as  per  last  annual  report $2.35 

Carried,  under  the  prnvisionsof  tlie  Revised  Statutes,  sei't ion  S09n,  liy  theTrpaanry 
Department  to  the  ore<lit  of  tLe  surplus  fund,  Jnne  30,  1893. 

funilHre  atdfixtaret,  1S9S. 

Balance  July  1,  1892,  iia  pei  last  iinuual  report 4^:1.300.97 

KspeoditureB  from  July  1,  1892,  to  Jnne  30,  1893; 

Cases $1 ,  778.  ()l> 

Drawers,  trays,  eto 56, 05 

Frames 1B6. 50 

Glass 1, 038. 14 

Hardw.iro 13,88 

Toola 19,48 

Clotlr.  etc 8.  OO 

Glass  jura 22, 29 

Lnmber 47.97 

Office  furniture G.  00 

Hetals 2. 94 

Robber  and  leatlier 13.32 

AppnratuB :t6.  32 

Travel 3.70 

Special  service 30. 00 

Total  expenditure 3,272,59 

Balance  July  1,  1893,  to  meet  out-.tan.iinK  lUliililies ;  ■ --"C  A>?^*?fc 


BEPORT  OF  THE  EXECUTIVE  COMMITTEE. 

il  t^ptndilHrti  of  tie  appropriation  for  fumitart  and  firtHrv. 


I    Tool* 

Clolh.  oottoi 
CUnJuv.. 
Lumber  . . . . 


'              *S.H 

43.Ba{ 

«:« ! 

'              C3.0S 

71.  OS  ; 

l.OM-OT 

L1.»' 

].0B5.28 

I.M0.2I 

47.  »7  1 

.,7«6.1«    1 

*W.70   .- 

tn.-9 

T<D.«a 

«.w 

771.00 

:^,  H 

3.M 

370.06 

I3S.60 

JS9.M 

3*.  3^1 

I«5.3t 

I-7«    1 

!1,B»,M 

3.I72.S»i 

W.M2.22    1 

3,  3D0.  37 

27.78- 

«.,. 

Healing  and  lighting,  1891. 

Boluuce  July  1,  ItWZ,  uapni'  liutC  ouuuul  lopurt *1.  eh 

Curried,  under  tbe  Reviiied  Statutes,  Hection  3090,  by  tbe  Trenenry  nfjiartiiient  to 
the  credit  of  the  siirpluB  fiiDil,  Jiioe  30.  1893. 


Heating,  lif/hling,  t 


Balance  us  jwr  last  rejiort,  July  1 
EipeDditure  toJuueSO,  1893: 


00 

■!■ 1  exl.«.,.lit..f.. 

ubjGoOgIc 


REPORT  OF  THE  EXECUTIVE   COMMITTEE.  XXKIU 

•eHililiirr»  of  the  appropriatiom  for  hcaiittg  and  \ig\t\ng,  fir,,  IS9t, 
lAppropriallon.  (IS.WD.j 


Gu 

Tilriibonea 

ElMlrlcTurL 

Electric  Auppliea  r , . 
RcnUlornllboieH 
HMllDg  npaim  — 
Mtlngaiippliea... 


FraniJulyl. 
■      IWl.  to 

FmrnJulyl. 

18*2.10 
JunolM.  IW3. 

ToUI. 

'      »,miB 

«3.W 

•s.  241.  S3 

1,9«.SI 

88.00 

1.448.  SI 

mu 

201.^ 

824.20 

JT.tMt 

IS.  00 

S2.0O 

101.  BT 

1               100.00 

30. 00 

120.00 

433.02 

81,  S7 

2.M8.*? 

W.0U 

2.0W.47 

1         U  SI3.  M 

184.  M 

I4.W8. 12 

i    «« 

1.88 

1.88 

nrr,  July  1,  1892,  a»  per  lual  ai 


[  JITLT  1,  18K.  T(>  JUHK  30,  181KI. 

Building  msterifti,  lime,  cemeut,  etc $317,36 

CartiDg 138. 50 

GIhm 22.  HO 

Hardware Iti.Wt 

MisrellantsoiiH ffi.OO 

Muring  workshop  (cootract) 115.00 

Pniiit«,  oils,  etc 77. 50 

Pipes  and  oiittoTS -  408.66 

Roofing 263.  J5 

SUtework 356.00 

8«rvico8 2, 034. 16 


Total  uipeii'l 
Balan<'«  .Inly 


,  lK!t2,  tii.liii 


Appropriation  hy  Can)n^«H  "for  the  niiiintoDaiici*  of  tlie  AatropliyBicul  Olmervatory 
under  the  dirertion  of  tbe  SmitbHoniau  Institution,  jnrlnding  nnlaries  of  assJHt- 
ants,  appnratiia,  and  niiscollaneoiiH  expenses"  (siludry  civil  art,  Angnitt  5,  1892.) 
»10, 000.00 


A'xjKndi^ur 


w  jMly  I.  M 


fl  or  compensatioit : 

eniorfiMistant,  2|  niouthH.  at  fZOO 

BniorasBistant,  8moutha,  ntS^-IM),  $1,600;  1'li\ 

it»200per  month,  *141.94 

8H  93 III 


■,:c...C(iogIe 


XXXIV  REPORT  OP  THE  EXECDTIVE  C0MH1TTBI3. 

SBUrlea  or  coiupeiiBation.—(.'oii tinned. 

I  BWiaUnt,  15  daf  h,  sI  tW6M  |>er  mouth,  980.64 ;  15 

dBjra,  at  tl66.66  per  month,  980.64;  10  days,  «t 

«166.66  per  month,  t63.76;  2  months,  at  <166.66, 

•333.32 •M«.!W 

]  BUiitunt,  10  ila;s,  at  (lie  66  per  mooth,  (37.63;  1 

mouth,  at  C116.66 l.M.  29 

1  aid,  16  days,  at  MO  per  mooth,  «19.35;  IS  da.ve,  at 

WO  per  month,  H9.K 3«.  70 

1  photographer,  S  month*,  at  940,  9240;  19  day  a,  at 

•40  per  month,  »24.53 aiH.  5a 

t  photographer,  l}roontlis,at9150,$225;  lldaye,at 

$160  per  mouth,  «55 280.00 

1  vlerb,  3  moDtha,  at  KO,  tlHO;  11  days,  at  •»> per 

month ,  •17.74 167.  ')4 

1  oopyiat,19duy*,  at$35  per  month,  $21.45;  ]  month, 

at  CSS .16.45 

1  inBttiimeDt-maker,  14  days,  at  183.33  per  montb, 

•3K.34 ;  7  daya,  at  983.33  pet  month,  tl9-44;  4  days, 

at  983.33  per   mouth,  •10.76;   5}  daya,  at  983.33 

per  month,  915.27;  |  month,  at  $83.33  per  month, 

941.67 ia5.47 

1  Inatrumeut-maker,  15  days,   at    960  per  mouth, 

929.03;  16  days,  at  960  per  mouth,  930.97;  11  days, 

at  960  per  month,  921.29 81. 29 

1  iuatrument-maker,  8  montliB,  at  960 480. 00 

1  Janitor,  22  days, at  940  per  montb,  928.39;  i mootli, 

ftt940.920 48.39 

1  atenographer,  10  hours,  at  50  cents 5.00 

1  carpenter,  5  days,  at  •SI   per  month,  •14.68;  7f 

days,  at  991  per  montb,  ^23.02 ;  8  daya,  at  991  per 

month,  923.48;  2  days,  at  $91  per  montb,  96.07;  i 

month,  at  $Hl,  $15.50 11 1. 75 

1  carpenter, 2H"ya,  at  $3, 97.50;  90^  honni, $33.86.         41.36 

I  carpenter,  164  daya,  at  93 49. 50 

icarpenter,  19idoys,  at93 57.75 

1  laborer,  4^  niontha,  at  $50 225.00 

Total  salarioH  or  cuiii|>ntiBiititm $4, 977. 51 

Oeneral  expenses : 

Apparatus  anil  appliances 2,923.46 

Drawings 624.75 

Freight 71.05 

Luinl«T 49.06 

H  i  seel  til  ueous  supplies 698.12 

OCBm  furniture 48.0(1 

Postage  and  telegraph  . , 6. 71 

Plumbing  and  gos-iittiiig 5.90 

Referi^nce  books  and  binding 234. 64 

Stationery B7. 76 

Traveling  ox penxex 136.08 


4,  755. 53 


TiiIhI  KXiieuditiiro.  July  1,  lK<n>.  lo.ltiiiiiSO,  1893.. 
Balance  July  1, 1893,  to  meel 
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UIKVA'TOHI-BHITHBnSlikn    INSTITUTION,    18K. 

Balance  July  I,  1S92,  nsper  lost  annual  report 91,156.30 

ExprndUura  Julg  I.  ISSt.  to  Jvnt  SO.  JjtSS. 

AppBTatas $634. 76 

Drsirings 38.25 

Freight..; 11.53 

Printing  and  stationery 4.00 

Bafereuca  books 366,71 

Salftriea 30.00 

Snpplies 22. 60 

Tools  and  implements 41.51 

Total  rxpHDditareJnIy  1,  1892,  to  June  30,  1893 1,119.36 

Balance  July  1,  1893,  to  meet  oiitMUiiding  liabilities 37. 03 


Appropriatiotiby  Congress  for  "continuing  tliecnnstructionof  roods,  waIkH, 
bridges,  water  snpply,  sewerage,  and  draiuoige;  and  for  grading,  plant- 
ing, and  otherwise  improving  the  gronnils;  erecting  and  impairing  the 
bnildings  and  iuclosnreB  for  animals;  and  for  administrative  purposes, 
care,  subsistence,  and  transportation  of  animals,  including  salaries  or 
compensation  of  all  ne<tessary  employ<<s  and  general  incidental  expenses 
not  otherwi«e  provided  for,  $50,000,  one-half  of  nbich  sum  shall  be  paid 
from  the  revenues  of  the  District  of  Columbia  and  the  stber  half  from 
theTreasoryof  the  United  8tat«s;  and  a  report  in  detail  of  the  expenses 
on  account  of  the  National  Zoological  Park  shall  be  made  to  Congress 
at  the  beginning  of  each  regular  session"   (sundry   civil  ot't,  August 

5,1892) •SO,  000. 00 

ExpendUHTa  Ji^ly  I,  IS».  fo  Jun<M,  ISSS. 

Building  material,  lime,  stone,  and  cement <2,9S0.70 

Fuel 829.04 

Copper,  cornice  (contract) aSS.OO 

Food  for  animals 3,832.08 

Freight,  transportation,  and  hauling 990. 19 

Iron,  steel,  piping,  fencing,  and  hardwam 2,615.17 

Linnbei I..'i60.81 

PainU,  oils,  etc 80.91 

Postage,  telephone,  and  telegraph 148.08 

SUtionery,  printing,  etc 301. 00 

Surveying,  plans,  drawings,  etc 1,014.00 

Traveling  e^cpenscs GO.  89 

Tools  and  impleinente 350. 61 

Trees,  plants,  fertiliiiers,  etc ffi8.86 

Water  supply,  sewerage,  etc -..         019.43 

Supplies 560. 37 

Salaries  or  Compensation 18, 181.51 

Labor,  constructing  wing  walla  of  bridge,  riprapping  banks  of 
creek,  buildings,  inclosures,  and  ponds,  roads,  and  banks,  and 
laying  water  pipes 13, 126. 34 

Total  expenditures $47, 801. 02 

Balance  July  1,  1803,  tu  meet  oiitHtanding  liabilities 2, 198. 98 
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Balance  July  1,  18W,  a>t  per  lost  anDonl  ropnrt f  1,  7 

Kxpmditarr*  from  July  I.  IBSt,  In  June  30,  leriS. 

ArtiAcial  pondi,  etc t910, 8I> 

Curreot  expennea 23.75 


Balau'-e  July  t.  lN<Kt,  tu  iiioi 
Statentnl  of  the  total  e^pendUare*  . 


Shi<ltcrariLtiliiii>l» 
SbcUcr  bami.  rag 
Rvpalra  to  Holt  m 


AHifldalpandH. 


i/  the  appropriatioit  for  tht  Zoofogieal  Park, 
April  30,  J890. 

I  PrcHn  Aiirll  I  FniuiJiilyl, '_.„.,  ,„  ,„„.' 
|JiiDe30,mw.|      W.lltW.  Ju-iwe-        j 

!      »14,925,!1  I »U,»».ai 

'Ir j         l<.gU.M ^  g,RS«.M    ! 

2,000,(10. '  2.000.00     j 

I  1,080.14                OTIO.SG  2,000.00     I 

ralnagB.i         7,000.00  ! I  7.000.00 

I      15,000.00  j '      1&.0OO.OO 

5,000.00 


S934.61 
843.73 


■a.  n  I      M. 


STt.OC 


843,7; 


Sational  ZoologUal  Park—iaildiv. 

BnlaDce  Jnly  1, 1892.  as  per  last  report 

Expenditures,  July  1, 1892,  to  June  ;W,  1893: 

I'ailits,  oils,  etc 

l*lao«,  drawings,  ctr 

Plumbing  supplies 

Sti>nc 

Htalemnl  of  tkf  total  frpeHdilurm  of  fhr  appropriation  J 


VrouJnlyl,    KromJi 


. 

i 

* 

;;;'»;"i 

1.240.08 

3,  .545, 00 
a,  151, 15 

",1124.32 

11  nl           tool 

;i.023.ii 

«3. 10   .. 

a;s.oo| 

140,74  1 
]S.2S' 

25.00 

.                     ^' 

'azH'^r 

T 

17,70(j  40 

2.1.54  1 

18,000.00 
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Natioital  Zoological  Pari — inpriwemail*,  1S9S. 

Balance  July  1, 1892,  as  per  last  annDnI  report 9121.34 

Expeaditurea  July  1, 1892,  to  Jane  30, 1893 ; 

Hanlware $7.54 

Plane  and  drswiuga 100.00 

Tt«w,  ihruba,  plnuta,  etc 8.80 

116.34 


Ralaiire  July  1,  U 


■■iitHtHiiiling  linliiliti 


5.00 


n/  tkr   lulal    eiptnditure  of  the   approprialioH  for   lite  iValionuf    Zoological 
Park: — ImprornHtnli,  1892. 


Na<ia«ul  Xoalogical  Park: — Ma'nlenati 


,  IH9J. 


MaUuFe  July  1,  1892.  iib  per  lost  aiiunal  report $1, 

ExpeniHturrBfroQi  J11I.V  1,  1S92,  to  JmieSO,  1893: 

Ci>al  find  wood 

Draft- horeea 

Food  and  aniniHlH 

Fretght  null  hauling 

MiBcellaneoDS  ezpenseB 

Pluus,  drawingH,  etc 

Sjieciuiena 

Stattiinery  and  printing 

Telephonea 


296.17 
16.87 

37.50 
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lat  Zoological  PaHe — 


FmrnJaljl, 

Pnmi  Jnl>  1. 
1K«.  toJn- 

c™a»Dd*ood 

.».„ 

tiso.ooi       na.ii 

Ul.OOJ           165.00 
l§a.28            9.M7.M 

Dnn.bar>« 

3. 738.12 

M.OS 
33.  It 

27.5* 

M.03 

<es.25 

MO.  00 

10,»M.12 

M.M 

J7-W 

:o.(>M.i2 

7i.77 

"llnUD 

B»«.17 

TteDhoD 

' 

1,880.911 

18,M>0.0O 

The  total  Amonnt  of  funds  aduiiniHtered  by  the  institutioD  ilDring  the  year  eodini; 
June  30,  1693,  mppenm  from  the  foregoiiig  Htntenients  aii<i  the  Hccoant  bi>6k«  to  h»ve 
been  an  follows : 

SmilkiioniaK  ImtfilntioH. 

From  balance  of  laal  year,  July  1,  1892 »47,875.33 

(iDclnding  cash  from  eiocntors  of  Dr.  J.  H.  Kid- 
der    *5, 000. 00 

Including  cs«h  from  gift  of  Dr.   Alex.  Grabam 

Bell) 5,000.00 


10,000.00 


From  iutereBt  od  SinithaooiaD fund  for  tfaeyear.. 

From  Bales  of  publicatiouH 

From  repayments  of  freight,  etv 


Appropriations  emBmilted  by  CongrtHH  to  the  i-aif  af  (*i!   lntlilHlioi 

International  exchaogea— Smitbeonian  liiatitutiun : 

Fiom  appropriation  fur  1S92-'C3 

North  American  ethnology : 

Krombalanceof  last  year,  July  1,  1892 (15,008.06 

From  appropriation  for  1892-'93 40,000.00 

Preservation  of  collections — Musf^iim: 

From  balance  of  1S90-'91 291.  W 

Prom  balance  of  I891-'92,  Jnly  1,  1892 8,818.14 

From  appropriation  I892-'93 134, 500. 00 

Printing — Museum : 

From  balance  of  1891-'92 47839.4.1 

From  appropriations  for  leri-IJS 12, 000. 00 
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FnrDituTe  and  flitures — Huneum : 

From  balknce  of  1891 $2. 35 

From  balaoce  of  1891-92 3, 300. 37 

From  appiopriaUun  1892-'93 15,000,00 

»l8,302.7a 

Heating  and  lightiuK,  uu:.— Mumhiu  ; 

From  balance  of  1891 1 ,  66 

Prom  balance  of  1891-'93,  Jnly  1,  1892 486.14 

Prom  appropriation  fur  1892-'93 13,000.00 

13,188.08 

Postage — Hiwpum : 

From  apptopriation  for  189a-'»3 iSOO.  00 

Building— National  Museam: 

From  balauoe  for  ISgi-Ui S2B.  36 

Duties  on  articlM  imported  for  the  Natioonl  Museum : 

From  balance  for  1891-'92 58.26 

National  Zoological  Park: 

From  balance  of  1889-'90,  July  1,1891 $1,778.3* 

From  balance  of  1891-'92 1,739.38 

From  appropriation,  1892-'93 50, 000. 00 

53,517.73 

Smithsonian  Institution  building — repairs: 

From  balance  of  appropriation,  July  1,1892 11,861.08 

Astro-Pbyaical  Observatory,  SmiCbsuiiiaulnHtitation: 

From  balance  of  July  1, 1892 $1,156.39 

From  appropriatiou  for  1892-'93 10, 000. 00 

11,166.39 


Smitbaouian  Institution $106,847.87 

Exchanges 17,000.00 

Ethnology 65,008.06 

Preservation  of  collections 143,609.72 

Furniture  and  listnrea 18, 302. 78 

Hooting  and  lighting 13,488.09 

Postage .-. 500,00 

Printing 16,889.48 

Building,  National  Musenm 525.36 

Duties  on  articles  for  National  Museum 56.26 

National  Zoological  Park 53, 617. 72 

Smithsonian  Institution  building, repairs 11,861.08 

Astro- Physical  Observatory 11,166.39 

fU7,714.69 

The  committee  bas  exAtti 
Smitfas'iDiaii  income  duriuf 
which  bears  the  approval  c 
acting  secretary,  and  a  cei 
charged  were  applied  to  the 

The  committee  has  also  ei 
priatioDB  committed  by  Coo 
balauces  hereinbefore  given 
barsitig  clerk  of  the  Smith  ^~.  , 
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BUch  disburMDg  officer  li»«  been  accepted  nnfl  his  bonds  approved  by 
tlie  Secretary  of  the  Treasury. 

The  qnarterly  a<.-couDt8-ciirTei]t,   the  vouchers,   and  journalH   have 
beeii  examined  and  found  correct. 

StattmenI  o/  rtftiar  inetrme  /nmt  the  SKit)iKniittn  fund  arailable  /or  hc  ih    Ikt  p«ar 
ending  Jmmt  SO,  1894. 

Balance  on  baud  June  30,  1893 V,l,  092. 82 

(luclading  tbe  caah  ftoiii  executnreof  J.  H.  Kidder) (5,000.00 

(Inolndiug  the  rasb  tram  Dr.  Alei.  Grabam  Bell) S, 000. 00 

10,000.00 

iDtereat  due  uud  receivable  Jiilf  I,  1893 27,090.00 

luterest  due  and  rereivable  Januarjr  1,  t8»i 27,090.00 

54.180.00 

Tutsi  available  fnryexreutlitiK '>i>i>e-'W,  I8»l 111,272.83 

Be8t>ectfiilly  submitted, 

James  €.  Wbllinq, 
Hbhry  OoppiiE, 
J.  B.  Henderson, 

Executive  VomtnitUe. 

Washington,  ]>.  0.,  Noeember  IS,  1893. 
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ACTS  AND  RESOLUTIONS  OF  CONGRESS  RELATIVE  TO  THE 
SMITHSONIAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(lu  eontinaation  Trom  previous  Reports.) 


[Fifty-wcoDd  C'oQi^reM,  second  MMioii,  1893.] 
SMITHSONIAN   INSTITUTION. 

Resolved  by  the  Senate  and  Home  of  Representatives  of  the  United 
Stales  of  America  in  Congress  assembled,  Tbattbevitcimcy  in  the  Board 
of  Regeuts  of  tbe  Smitlisotiiaii  JiiHtitutioo,  of  tlit;  class  other  than 
Members  of  Cougreas,  xball  be  tilled  by  tbe  reappointment  of  James  B. 
Angel),  of  Michigan,  whose  term  of  ofIiceex|>ires  oQ  January  19,  1893. 
(Joint  Resolution  No.  4.    A]>proved,  Jauuary  9,  1893.) 

Resolved  bif  the  Senate  and  House  of  Representatiees  of  the  United 
States  of  America  in  Congress  assembled,  Thiit  the  Seiiretary  of  the 
Smithsonian  Institution  be,  and  be  hereby  is,  authorized  to  prepare 
and  send,  for  exhibition  in  tbe  Woman's  Building  of  the  World's  Cotum- 
bian  Exposition,  any  article  now  in  bis  custody,  or  on  exhibition  in  the 
National  Museum,  illustrative  of  tbe  life  and  development  of  tbe  indus 
ti-ies  of  women.  (Joint  Resolution  No.  19.  Approved,  March  .1,  1893. 
Statutes,  Vol.  xxTil,  p.  T.'i?.) 

Smithsonian  huildtHg, — For  completing  the  repairs  uiion  the  Smith- 
sonian building,  and  for  such  other  work  as  is  needed  to  protect  the 
building  from  further  deterioration,  and  to  place  it  in  proper  sanitary 
condition,  any  unexpended  balance  remaining  to  tiie  credit  of  tbe  appro- 
priation for  tireprooflug,  imd  so  forth,  shall  be  available  for  the  pur- 
pows  above  stated;  this  work  to  be  done  under  the  directiou  of  the 
Ai-cbit«ct  of  the  Capitol,  and  in  accordance  with  the  approval  of  the 
Secretary  of  the  Smithsonian  Institution.  (Sundry  civil  appropriation 
act    Approved,  March  3, 1893.    Chap.  208,  Statutes,  i».  581.) 

War  Department. — liuHdings  and  grounds. — For  improvement,  main- 
tenance, and  care  of  Smithsonian  grounds,  including  construction  of 
asphalt  roads  and  ]>aths,  two  thousand  five  hundred  dollars.  (Sundry 
civil  appropriation  act.  A)iproved,  March  3, 1893.  Chap.  208,  Statutes, 
p.  597.) 

For  two  day  watchmen  in  Smithsonian  grounds,  at  six  hundred  and 
sixty  dollars  eiu^h,  one  thousand  three  hundred  and  twenty  dollars. 

For  two  night  watchmen  in  Smithsonian  grounds,  at  seven  buudred 
and  twenty  dollars  each,  one  thousand  four  hundred  and  forty  dollars. 
(Legislative,  executive,  and  judicial  act.  Approved,  March  3,  1893. 
Obap.  211,  Statutes,  p.  TOU.) 
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XLU  ACTS   AXD   BeSOLUTIONS   OF   CONGKESS. 

ntTEBNATtOXAL  SSCHAXGES. 

Fir  ezpemwfl  of  tlie  Kysiem  of  internatiotial  ezcTiangts  betweeD  the 
Cnit«d  .Stat«s  and  (orei^  i-ouiitries.  under  the  direction  of  the  Smith- 
vmiaa  lustitntion,  iiu.-ladiug  salarie:^  or  compensation  of  all  necessary 
employee*,  fourteen  iLonKand  live  houdml  dollars.  (8uodry  civil 
a|»pnipnaiion  aet.     Approved.  March  :i.  1893.    Chap.  208.  Statutes,  p. 

For  expenMfs  of  the  system  of  international  exchanges  between  the 
United  £$tate!«  and  foreign  countries,  aader  the  direction  of  the  Sniith- 
winian  Institution,  including  salaries  or  compensation  of  all  necessary 
enif^veeft.  five  thousand  dollars.  (DeficieDov  appropriation  net 
Api^ve^l.  March  .1,  ISOS.    Chap.  21U.  Statutes,  "p.  &*«. 

W'lr  Deptirtmemt, — For  the  transportation  of  reports  and  mai>s  to 
foreign  oonntries  through  the  Smithsonian  Institution,  one  hundred 
doilars.  (Sundry  civil  ai-t.  Approved,  March  3.  1803.  Chap.  208, 
Statute-*,  p.  (WO.l 

Sary  J>ep<irlmenl. — Saral  Obgerrtilon/. — For  repairs  to  boildings,  fix- 
tare^  and  fence!^  gas,  furniture,  chemicals,  stationery,  ft^igbt,  including 
transmission  of  public  docnmeuts  through  the  Smithsonian  exchange, 
foreigu  po.-'tage,  espressage,  plants,  fertilizers,  and  all  contingent  expen- 
ses, two  thousand  five  hundred  dollars.  (Legislative,  executive,  and 
judicial  act.    Approved,  March  3.  18fl3.    Chap.  211.  Statutes,  p.  702.) 

Depart  meHlt/thf  Interior. —  Cnited  •State*  fatent  Office. — For  purchase 
of  professional  and  scientific  books  and  expenses  of  transiwrting  pub 
lications  of  patents  issued  by  the  Patent  Office  to  foreign  govern- 
nieuts.twu  thousand  dollars.  (Legishitive,  executive,  and  judicial  act 
Api>n>ved.  .March  3,  ISWt.    Chap.  211.  Statutes,  p.  706.) 

I'nited  folates  Qevlogical  SMrret/ — For  the  purcUa*e  of  necessary  books 
for  the  library,  aud  the  payment  of  the  transmission  of  public  doca- 
nients  through  the  Smiths<mian  exchange,  two  thousand  dollars.  (Sun- 
dry civil  act.    Approved,  Man-h  3,  1S'J3.    Chap.  208.  Statutes,  p.  595.) 

NATIUNAI.   MISKrM. 

For  continuing  the  preservation,  exhibition,  aud  increase  of  the  col- 
lei'tious  fhnn  the  snrvoyhig  and  exploring  ex|teditionsof  the  Govern- 
ment, and  ft-nni  other  soun'cs,  including  sjilaries  or  com|>en3ation  of  all 
ntH'Ossary  e»ii>loyi'i'».  one  hundrtil  an<)  thirty -tw»  thousand  five  hundred 
dollars. 

For  discs,  Airuiture.  fixtnn's,  and  applianres  required  for  the  exhibi- 
tion and  Hiife  kcepingof  thtM'iilleetionsof  the  National  Museum,  includ- 
ing Huhu'icM  or  conipcnsntion  of  all  newssarv  emplovees,  ten  thousaud 
dollaiK.  1     -   --. 

Vin-  I'vpiMiNe  of  lii'iiliuH,  liKhting.  chM-tricnl,  telegraphic,  and  tele- 
phoiilr  m-rvliT  Tor  llit>  NiUionnl  Museum,  eleven  thonsaitd  dollars. 

]''or  |H>Hhigi' Hill nipK  and  liin'iKn)K)sti)lrimlsti>r  the  National  Museum, 
H\o  liiindi'i'd  ilollai'H.  (Snmlrv  civil  appropriation  act.  Approved, 
Wmrh  3,  I8IM.    Chiip.  atw.  SiHtntcH.  p.  .VSl.) 

Fur  eKptniM'H  of  hiMUliig  (lie  I'litUHl  States  National  Museum,  two 
IhouMunil  •loll.uo. 

l'\ir  I'oiilliiiiliiu  Mil'  pt't>Hi<rviilliiii,  exiiihitiou,  and  increase  of  thecol- 
leclliin  IVotM  ))»'  Hiir\t\vlii|t  mid  exploring  e\)teditionsof  the  Govern- 
meiil,  mill  I'liiin  oIIum'  Honict'*,  hichidtitu:  salarit>s  or  ci>mpen8atioD  of  all 
iiiMHixMii'y  t'lnpliijenB,  hMi  thouHiind  dollars.  (1>efieienevappropriatiOD 
act.  '  Miiii'li  ;i.  IKIM,    Clmp.^li>.  Statutes,  p.  619.) 
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Treasury  Department. — Under  Smitbsonian  Inetitutiou :  For  preser- 
vation  of  collectioDS,  ffational  MuHeuni,  one  dollar  and  thirty  auveu 
cents.  (Deficiency  appropriation  act.  Approved,  March  3, 1S93.  Chap. 
210,  Statutes,  p.  668.) 

Public  printing  and  binding. — For  the  SmithsoDian  lustitutiou,  for 
Iirinting  labels  andhlankBandforthe  "Bulletins"  and  annual  volumes 
of  the  "Proceedings"  of  the  National  Museum,  twelve  thousand  dollars. 
{Sundry  civil  appropriation  act.  Approved,  March  31, 893.  Chap.  208, 
Statutes,  p.  611.) 

Sec.  3.  That  hereafter  no  building  owned  or  used  for  public  pur- 
{X)aes  by  the  Government  of  the  United  States  shall  be  draped  in 
Mioumiug  and  no  part  of  the  i>ublic  fund  sball  be  used  for  sucb  purpose. 

Sec.  4.  That  hereafter  the  Executive  Department*  of  the  Govern- 
ment sball  not  be  closed  as  a  mark  to  the  memory  of  any  deceased  ex- 
official  of  the  United  States.  (Legislative,  executive,  and  jadicial  act. 
Approved,  March  3,  1893.) 


For  continuing  ethnological  researches  itmong  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  eompeusatJon  of  all  necessary  employees,  forty  thousand  dollars,  of 
wliich  sum  not  exceeding  one  thousand  dollars  may  be  used  for  rent  of 
building.  (Sundry  civil  appropriation  act.  Approved,  March  3,  1893. 
Chap.  2(»8,  Statutes,  p.  58i.) 

ASTBO-FHySICAI.   OBSERVATORY. 

For  maintenance  of  astro-physical  observatory,  under  the  direction  of 
the  Smithsonian  Institution,  including  salaries  of  assistants,  apparatus, 
and  miscellaneous  expenses,  nine  thousand  dollars.  (Sundry  civil 
appropriation  act.     Approved,  March  3,  1893.     (_'hap.  208.  Statutes,  p. 

582.) 

NATIONAL    ZIIOLOGICAI.   FAKK. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water  sup- 
ply, sewerage,  and  drainage;  and  for  grading,  planting,  and  otherwise 
improving  the  gronnds;  erecting  and  repairing  buildings  and  inclos- 
ures  for  animals;  and  for  administrative  purposes,  care,  subsistence, 
and  transportation  of  animals,  including  salaries  or  compensation  of 
nil  necessary  employees,  and  general  incideutal  expenses  not  otherwise 
provided  for,  fifty  thousand  dollars;  one-half  of  whicli  sum  shall  be 
paid  from  the  revenues  of  the  District  of  Oolumbia  and  the  other  half 
from  the  Treasury  of  the  United  States;  a  report  in  detail  of  the 
expenses  on  account  of  the  yatioual  Zoological  Park  shall  be  made  to 
Congress  at  the  beginning  of  each  regular  session.  (Sundry  civil 
appropriation  act.  Approved,  March  3,  1893.  Chap.  298,  Statutes, 
p.  582.) 

WORLU'S   COLUMBIAN  KXPOSITION   AT   CHICAtJO. 

Treanurg  Department, — For  the  selection, pure  base,  preparation,tran8- 
portation,  installation,  care  and  custody,  and  return  of  such  articles 
and  materials  as  the  beads  of  the  several  Executive  Departments,  the 
Smithuonian  Inatitntton  and  National  Museum,  and  the  United  States 
Pish  Commission  may  decide  shall  be  embraced  in  the  Government 
exhibit,  and  such  additional  articles  as  the  President  may  designate. 


XLIV  ACTS   AND  RE80LUTIOS8  Or   CONGRESS. 

for  aaid  Expositiou,  and  for  tbe  employment  of  proper  persoDS  as 
offlcers  and  assistants  to  the  Board  of  Control  and  Management  of  the 
Government  exhibit,  appointed  by  the  President,  of  which  not  exceed- 
ing ten  thousand  dollars  may  be  expended  by  said  board  for  clerical 
services,  one  hundred  and  fifty  thousand  seven  hundred  and  fifty  dol- 
lars; of  ifhich  8um  fifty  thousand  dollars  shall  be  immediately  avail- 
able: Provided,  That  the  sum  of  eight  thousand  dollars,  or  so  much 
thereof  as  may  be  uecesaary,  may  be  expended  under  the  supervision 
of  the  Board  of  Control  of  the  United  States  Government  exhibit  in 
the  collection,  preparation,  packing,  tiansportation,  iustallation,  and 
care  while  exhibited  of  articles  loaned  or  domvted  by  the  colleges  of 
agriculture  and  mechanic  arts  in  the  several  States  for  the  display  in 
the  agricultural  building  of  the  Exposition,  of  the  means  and  methods 
of  giving  instruction  in  the  so-called  laad-grant  college  of  the  United 
States,  and  for  repacking  and  retumiug  this  property  at  the  close  of 
the  Expositiou,  the  same  to  be  taken  from  the  sum  apportioned  to  the 
Agricultural  Department;  and  ten  thousand  dollars  additional  for 
special  expenses  attending  the  naval  exhibit  of  the  model  of  a  battle 
sliip.  (Sundry  civil  appropriation  act.  Approved,  March  3,  1893. 
■Chap.  208,  Statutes,  p.  585.) 
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REPORT  OF  S.  P.  LANGLEY, 

SBCRBTAEY  OF  THE  SMITHSONIAN  CKeTirUTIOJS, 
FOB  Ttm  YEAK  ENDINO  JUNE  30,  Vm. 


To  the  Board  of  Regents  of  the  Smithsonian  InttituUon: 

Oemtlsmem:  I  have  the  honor  to  submit  herenith  a  report  of  tibe 
operations  of  the  SmithBoniaa  Inatitation  for  the  year  eadiog  June  30, 
1893,  including  the  work  placed  by  Congress  under  its  soparinon  ib 
tbe  National  Museam,  the  Boreaa  of  Ethnology,  the  Bnre»a  of  Inter- 
national Exchanges,  the  Zoological  Park,  and  the  Astro-Physical  Ob- 
servatory. 

I  have  endeavored  to  give  in  tbe  body  of  the  report,  and  as  briefly  u 
possible,  a  general  account  of  the  affairs  of  the  Inatitation  for  the  year, 
reserving  for  tbe  appendix  the  more  detailed  and  statistical  reports 
from  the  officers  in  charge  of  the  different  branches  of  vork. 

The  report  npon  tbe  National  Muaeunt  by  the  Assistant  Secretary, 
Dr.  G.  Brown  Goode,  is  here  given  only  in  abstract  Its  full  presenta- 
tion occupies  a  separate  volnine.  (Report  of  the  Smithsonian  Institu- 
tion, National  Museum,  1893.) 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLIBHSIBin-. 

Since  the  change  of  executive  officers  of  tiie  United  States  Govern- 
ment on  March  4, 1893,  the  Smithsonian  establishment  consiata  of  the 
foUowiug  ex  officio  members: 

Gbover  Clbvelaito,  President  of  the  United  States. 

Adlai  E.  Stbvbrson,  Vice-President  of  the  United  States. 

Melville  W.  IVlles,  Chief  Justice  of  the  Supreme  CouHofthe 
United  States. 

WiLTEE  Q.  Gbesham,  Secretary  of  State. 

John  G.  OabLISLE,  Secretary  of  the  Treasury. 

Daniel  S.  Lamont,  Secretary  of  War. 

HiLAKY  A.  Hbkbeet,  Secretary  of  the  Navy. 

Wilson  S.  Bissbll,  Postmaster-Qenerai. 

RiCHABD  Olhey,  Attorney-Qeneral. 

John  S.  Seymoue,  Commissioner  of  Patents. 
The  Hon.  W,  E.  Simouds  was  succeeded  on  April  16, 1893,  an  C3om- 
misaioner  of  Patents  by  tbe  Hon.  John  S.  Seymour.  ^  •  i 
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THE  BOARD   OP  BEGENT8. 

In  accordance  vitb  a  resolution  of  the  Board  of  Begenta  adopted 
Janoaiy  8, 1890,  hy  which  its  stated  annual  meetiDg  occora  on  the 
fourth  Wedneaday  in  each  year,  the  board  met  on  January  26, 18d3, 
at  10  o'clock  A.  H.  The  joomal  of  its  proceedings  will  be  found,  as 
hitherto,  in  the  auunal  report  of  the  board  to  Congress,  though  refer- 
ence is  here  made  to  several  matters  upon  which  action  was  taken  at 
this  meeting. 

The  changes  that  have  taken  place  iu  the  membership  of  the  Boud 
of  Begeuts  have  been — 

First,  through  the  death  of  Senator  B.  L.  Oibson,  which  occurred  on 
December  15, 1892.  Senator  George  Gray,  of  Delaware,  was  appointed 
on  December  20, 1892,  by  the  Vice-President  to  fill  the  unexpired  term 
of  Senator  Gibson,  and  having  been  re-elected  as  Senator  from  Dela- 
ware, was  re-appointed  Begent  on  March  16, 1893. 

A  brief  sketch  of  Senator  Gibson's  life  is  given  in  the  necrolo^cal 
notices  that  close  the  present  report,  but  I  may  quote  here  the  follow- 
ing resolutions  prepared  by  a  committee  consisting  of  Dr.  Wm.  Preston 
Johnston,  Senator  J.  S.  Morrill,  and  the  Secretary,  which  were  pre- 
sented at  the  meeting  of  the  Begents  on  January  25, 1893: 

Beaolved,  That  in  the  death  of  Hon.  Bandall  Lee  Gibson,  the  Smith- 
sonian Institution  has  lost  a  zealous  and  usefal  Regent,  and  its  board 
a  valuable  member  whose  services  can  ill  be  spared. 

Betolved,  That  we  lament  bis  loss  as  an  acceptable  oolleagae,  a 
gracious  gentleman,  a  patriotic  citizen,  and  a  wise  statesman,  whose 
interest  in  the  spread  of  knowledge  among  men  fitted  him  well  for 
his  duties  on  the  board. 

Resolved,  That  tliese  resolutions  be  entered  on  the  minutes  of  the 
board,  and  a  copy  be  transmitted  to  the  family  of  our  friend. 

Second,  President  James  B.  AngeJl,  of  the  University  of  Michigan, 
whose  previous  term  of  office  expired  on  January  13, 1893,  was  rt»p- 
point«d  for  six  years  by  a  joint  resolution  introduced  by  Senator  J.  8. 
Morrill,  of  Vermont,  which  passed  the  Senate  on  December  20, 1892, 
the  House  of  Representatives  on  January  G,  1893,  and  was  approved 
by  the  President  January  10, 1393. 

ADUINISTSATIOM. 

I  have  called  attention  to  the  desirability  of  securing  from  Congress 
an  appropriation  to  meet  actual  outlays  incurred  iu  administering  Gov- 
ernmental trusts.  These  direct  outlays  for  matters  not  equitably 
chargeable  to  the  ftind  of  James  Smithaou,  are  growing  amore consid- 
erable tax  npon  It  each  year.  They  are  incurred  in  serving  purely 
Governmental  interests,  but  they  are  not  met  bv  p^-^  ^f  ti»e  present 
appropriations,  since  they  belong  not  singly  tr  Mnseam, 

or  the  Bureau  of  Ethnology,  or  to  the  Internal  service, 

or  the  like,  but  to  expenditures  common  to  a  .  which 

are  not  provided  for  by  the  terms  of  the  appn  '    i:cc:"vCj(Hl^tQ>ne. 
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It  is  in  tlie  interests  of  ecoaomy  that  this  exjWQditnre  shonld  be  met 
fi'om  some  common  Bource,  owin^  to  the  limited  size  of  the  establish- 
ments in  question,  some  of  which  are  rather  assimilable  to  divisions 
than  to  bnreaas.  It  is  evident,  for  instance,  that  an  appropriation  of 
$17,000  for  international  exchanges,  or  an  appropriation  of  $10,000  for 
an  observatory,  can  not  each  so  well  bear  the  separate  proviaion  of  a  dis- 
borsiug  officer,  a  stenographer,  and  the  other  like  employes,  as  in  the 
case  of  larger  bureaus,  but  that  their  limited  needscan  be  better  and  more 
economically  managed  by  not  duplicating  sach  offices.  There  is,  how- 
ever, no  pFHcticable  way  of  arranging  this  in  compliance  vith  the  pres- 
ent terms  of  the  appropriations,  which  may  be  said  to  tacitly  assume 
that  each  of  these  bureaus  or  divisions  is  thus  completely  provided  for. 

Itis  in  some  cases  impossible  that  it  shonld  be  so  without  the  expen- 
diture of  greatly  more  than  the  appropriated  sum,  and  the  terms  of  the 
appropriations  should  in  the  interest  of  economy,  either  recognize  the 
propriety  of  meeting  each  bureau's  share  of  these  common  expenses  out 
of  each  one's  aiipropriation,  or  else  out  of  a  special  appropriation  made 
in  their  common  interest. 

PraANCES. 

The  permanent  funds  of  the  Institution  remain  the  same  as  at  the 
time  of  my  last  report,  and  are  as  follows : 

Beqneat  of  Smithson,  1816 $516,169.00 

Rrai(luar7  legacy  of  8mitb80D,  1867 26,210.63 

Pepositafrom  savinge  of  income,  1667 106,630.37 

Beqaeat  of  JamcH  HamiltoD,  1875 1,000.00 

Beq»Mt  of  Simeva  Habol,  1880 GOO.  00 

Depueits  ftom  proceede  of  sale  of'bonila,  1881 51,500.00 

Gift  of  Thomaa  O.  Hodgkins,  1891 200,000.00 

Total  permanent  fand 903,000.00 

This  sum  of  9903,000  is  deposited  in  the  Treasury  of  the  United 
States,  and  by  act  of  Congress  bears  interest  at  6  per  cent  per  annnm, 
the  interest  alone  being  used  in  carrying  out  the  aims  of  the  Institution. 

At  the  beginning  of  the  fiscal  year,  July  1, 1892,  the  balance  on  hand 
was  147,875.33.  Intereston  the  invested  funds,  amounting  to  $54,180, 
was  received  during  the  year,  which,  together  with  a  sum  of  $3,792.54, 
received  £roin  the  sale  of  publications,  and  from  miscellaneous  sources, 
made  the  total  receipts  $57,972.54. 

The  total  expenditure  during  the  year  was  $48,766.05,  for  the  details 
of  which  reference  is  made  to  the  rejioTt  of  the  executive  committee. 
The  unexpended  balance  on  June  30,  1893,  was  $57,092.82,  which 
includes  the  sum  of  $10,000  referred  to  in  previous  reporta,  $6,000  hav- 
ing been  received  &om  the  estate  of  Dr.  Kidder,  and  a  like  sum  from 
Dr.  Alexitnder  Orabam  Bell,  the  latter  a  gift  made  personally  to  the 
Secretaiy  to  promote  certain  physical  investigations.  C'dfiolc 
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ThiB  latter  sum  vas,  with  tbe  donor's  consent,  deposited  by  ttie  Sec- 
retary to  tbe  credit  of  the  current  funds  of  tbe  InstitntioD. 

Tills  910,000  Ib  not,  tbeu,  a  portion  of  the  invested  fnnds,  but  is  beld 
partly  to  orect  a  building  whenever  Congress  shall  provide  a  site  for 
a  permanent  Astropbysieal  Observatory,  and  partly  to  meet  antici- 
pated expenditares  in  certain  investigntJoiis. 

This  balance  also  includes  the  interest  aceumolated  on  tbe  Ilodgkins 
donation  and  ou  tbe  Hamilton  fund,  which  is  awaiting  the  Regents' 
disposition,  beaideB  certain  relatively  considerable  Bums  held  to  meet 
obligations  which  may  be  expected  to  matnre  as  the  resalt  of  different 
scientific  investigations  or  publications  in  progress. 

Tbe  Institution  has  been  charged  with  the  disborsement,  during  the 
fiscal  year  189^'93,  of  the  following  appropriations: 

For  iut«rDatioDa1  eichaDges 917,000 

For  North  American  Ethnology , 40,000 

For  U.  S.  National  MaHeam: 

Preitervatiou  of  collections 134,500 

Fnniiture  and  fixturee 15,000 

Heating  and  lighting 13,000 

Pofltage BOO 

For  National  Zoological  Park SO,  000 

For  Aetropbyaical  Obaarvatory 10,000 

All  vouchers  and  checks  for  the  disbursements  have  been  examined 
by  the  executive  committee,  dnd  the  expenditures  will  bo  found  reiMirted 
in  accordance  with  the  provisions  of  tbe  sandry  civil  act  of  October 
2, 1888,  in  a  letter  n^ldressed  to  the  Speaker  of  the  House  of  Repre- 
sentatives. 

The  vouchers  for  all  the  exi>enditures  from  the  Smithsonian  fiind 
proper  have  been  likewise  examined  and  their  correctness  certified  to 
by  the  executive  committee,  whose  statement  will  be  published  together 
with  the  accounts  of  the  funds  appropriated  by  Congress,  in  that  com- 
mittee's report. 

The  estimates  for  the  fiscal  year  ending  Jane  30, 1894,  for  carrying 
on  the  Government  interests  under  the  charge  of  the  Smithsonian 
Institution,  were  as  follows: 

International  exchange 923,000 

North  American  Ethnology 60,000 

National  Mnsenm: 

Preservation  of  collections 180,000 

Heating  knd  lighting 15,000 

Fnniitnre  and  fiitorea 30,000 

Postage 600 

anlleriea 8,000 

National  Zoological  Park 76,000 

Astrophjsical  Observatory 10,000 

Bailding,  Smithsonian  Institution 6,000 

With  regard  to  the  general  expenditurr  stitntion,  it  may 

be  remarked  that  thoae  for  clerical  serv  -^iddntol  aspea- 

Diginzecbvl.A>Ot(TC 
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sea  have  for  tlie  last  seven  years,  owing  to  increaBitig  economies,  been 
diminishiug  until  they  are  now  considerably  less  in  proportion  to  the 
amount  administered  than  at  any  former  time.  It  ia  doubtfal  whether 
these  economies  can  be  advantageoualy  pushed  any  further,  as  it  has 
become  difficult,  with  the  present  force,  to  keep  abreast  of  the  actual 
curreut  demands,  and  there  has  been  no  considerable  renewal  of  the 
perishable  furnitures  of  the  building  during  the  period  mentioned.  It 
seems  probable,  therefore,  that  the  proportionate  cost  of  these  items 
is  not  likely  to  be  again  lower  than  it  is  at  present. 

BDILDIHGS. 

It  may  perhaps  seem  superfluous,  in  consideration  of  the  serious 
reductions  that  have  been  made  in  the  appropriations  for  the  curreut 
expenses  of  the  Museum,  to  repeat  my  recommendation  that  more 
adequate  accommodations  should  be  provided  for  it  by  the  erection  of  a 
new  and  thoroughly  fireproof  building,  but  while  this  is  needed  for 
many  reasons,  the  repetition  is  opportune  now,  since  valuable  material 
may  come  to  the  Museum  at  the  close  of  the  World's  Oolnmbian  Espo- 
aition  in  Chicago,  and  because  if  there  are  storage  and  exhibitiou  rooms 
available,  many  exhibits  at  Chicago  may  be  secured,  which  it  will 
otherwise  perhaps  be  necessary  to  refuse. 

I  must  repeat  what  I  have  stated  in  previous  reports,  that  since  the 
present  Museum  building  was  finished  and  occupied  in  1881,  the  col- 
lections have  increased  to  such  an  extent  that  a  new  building  quite  as 
large  as  the  prettent  one  could  have  been  advantageously  filled,  and 
that  the  need  grows  yet  more  pressing. 

The  improvement  of  buildings  in  the  Zoological  Park  to  the  limited 
extent  that  the  appropriations  allowed,  is  detailed  in  the  Tepnrt  of  the 
acting  mauager. 

EEPAIES  TO   THE  SMITHSONIAN   BUILDING. 

A  restrictive  clause  contained  in  the  appropriation  of  August  30, 
1890,  for  reiiairs  to  the  Smithsonian  building  was  removed  by  a  clause 
in  the  sundry  civil  act  for  the  year  ending  June  30, 1894,  so  that  a  por- 
tion of  the  amount  nnexpendeil  became  available  for  making  neces- 
sary repairs  to  the  roof  of  the  eastern  wing  and  improving  the  sanitary 
condition  of  the  building,  as  well  as  for  increasing  the  space  available 
for  storing  documents  and  handling  the  Government  exchanges.  Tbe 
plumbing  in  the  eastern  part  of  tbe  building  has  been  thoroughly  over- 
hauled, and  a  suite  of  dark  and  damp  rooms  in  the  basement  on  tbe 
south  side  has  been  transformed  into  well-lighted  and  comfortable 
offices,  thus  freeing  several  rooms  upon  the  first  fioor,  needed  for  other 
purposes,  and  making  it  possible  to  handle  more  expeditiously  the 
great  number  of  books  paaaiug  through  the  exchange  office;  though 
even  with  these  new  rooms,  additional  storeroom  for  the  Oovernmeut 
exchanges  will  be  called  for  at  no  distent  day.  ^  .  , 
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It  may  be  of  interest  to  note  that  a  mark  was  jilaced,  by  my  direction, 
at  tfae  side  of  tbe  window  of  tlie  uortbeaat  coraer  room  in  tbe  base- 
ment of  the  Smithsonian  building,  31  feet  atwve  the  datum  plane  used 
by  the  engineer  office  of  the  District  of  Columbia,  situated  at  the  cor- 
ner of  Fifteenth  and  B  streets  yw.,  or  about  ld.87  feet  above  the 
highest  flood  mark  recorded,  that  of  June  2, 1889. 

RR8BABCH, 

It  appears  to  be  au  essential  portion  of  tbe  original  scheme  of  the 
government  of  the  Institution  that  its  Secretary  Blionld  be  expected 
to  advance  knowledge,  whether  in  letters,  or  in  science,  by  personal 
research;  and  resolutions  of  the  Begents  formally  request  the  Secre- 
tory to  continue  his  investigations  in  physical  science,  and  to  present 
their  results  for  publication  in  tbe  Smithsonian  "Contributions," 

The  advancement  of  science  through  original  research  at  the  hands 
of  those  eminent  men,  Henry  and  Baird,  the  former  Secretaries  of  this 
Institution,  is  known  to  all,  but  though  the  Secretary  may  be  still 
expected  to  personalty  contribute  to  the  advancement  of  science,  or  art, 
or  letters,  by  his  individual  efibrts,  it  is  certain  that  the  increasing 
demands  of  time  for  labors  of  administration  had  greatly  limited  the 
possibility  of  this,  even  in  the  time  of  Henry,  and  that  at  the  present 
day  administrative  duties,  and  especially  those  connected  with  the  care 
of  Government  interests,  constitute  a  barrier  to  such  inventigations, 
which  is  all  bat  impassable. 

I  have  never  abandoned,  however,  the  hope  to  thus  continue  the  tra- 
dition of  the  Institution  and  the  usage  of  former  Secretaries  by  person- 
ally contributing,  as  far  as  1  conid,  to  the  objects  stated,  and  I  have, 
where  administrative  duties  would  permit,  continued  during  the  pres- 
ent year  the  researches,  of  which  a  portion  has  been  published,  in 
Angnst,  1891,  in  a  treatise  entitled  "  Experiments  in  Aerodynamics." 
Interesting  results  have  since  been  readied  here,  which  appear  to  be  of 
wide  Qtilitarian  importance,  but  thoagh  I  trust,  before  the  close  of 
another  year,  to  be  able  to  make  some  communication  of  them  to  the 
public,  they  are  not  yet  complete. 

In  this  same  connection,  iu  pursuit  nf  an  investigation  begun  some 
years  ago,  and  in  continuation  of  the  Institution's  interest  in  tbe 
promotion  of  meteorological  studies,  I  have  made  experiments  upon  the 
variations  continually  going  on  in  the  atmosphere,  in  what  is  regarded 
for  ordinary  meteorological  purposes  as  a  steady  wind.  Specify 
light  anemometers  have  been  constructed  and  mounted  upon  the 
north  tower  of  the  Smithsonian  building,  and  connected  with  a  suit- 
able recording  apparatus.  The  results,  which  promise  conclusions  of 
practical  importance,  are  being  collated  and  will  be  published  at  a  later 
date.  I  am  under  obligations  to  tbeChiefof  the  U.S.  Weather  Buresa 
for  the  loan  of  a  portion  of  these  anemometers,  the  others  having  been 
:x>ustracted  in  the  small  workshn-  titution.         , .  , 
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I  have  continoed  to  give  what  time  and  thought  I  con  to  Investiga- 
tioDS  in  astro-physics,  which  are  ao  extensive  and,  I  hope,  so  importaot, 
as  to  justify  a  considerable  separate  mention  under  the  title,  Astro- 
physical  Observatory,  iu  the  Appendix  of  this  report. 

In  what  I  have  said  I  have  principally  referred  to  research  in  the 
physical  sciences,  since  aid  to  original  research  iu  the  biological  sci- 
ences has  been  largely,  though  indirectly,  provided  throagb  the 
Inetitntioa's  connection  with  the  National  Moseam  and  otherwise.  It 
wonld,  therefore,  seem  proper  that  what  aid  to  scientific  men  can  be 
given  from  the  original  Smithsonian  fnnd  should  be  principally  devoted 
to  the  physical  sciences,  which  are  not  otherwise  cared  for. 

As  in  previons  years,  aid  to  a  limited  extent  has  been  given  to 
original  investigators  who  are  not  immediatoly  connected  wit^  the 
Institntion.  Prof,  E,  W.  Morley  has  continued  bis  determinationB  of 
the  density  of  oxygen  and  hydrogen,  for  which  special  apparatus  has 
been  provided  by  the  Institntion. 

A  paper  by  Fro£  A.  A.  Michelson,  upon  the  *' Application  of  interfer- 
ence methods  to  spectroscopic  measorements,"  with  a  view  to  increased 
precision  iu  measuring  specific  wave-lengths  of  light,  has  been  published 
in  connection  with  his  work  upon  a  universal  standard  of  length.  Mr. 
F,  L,  O.  Wadsworth  was  detached  from  the  Observatory  staff,  and  sent 
(at  the  expense  of  the  Smithsonian  Aind)  to  tbe  Bureau  Internationale 
des  Folds  et  M^sures  near  Paris  to  assist  Prof.  Michelson  during  a  stay 
of  six  weeks  in  the  preparation  of  this  standard. 

Prof.  Holden,  the  director  of  the  Lick  Observatory,  Mount  Hamilton, 
Oal.,  is  still  engaged  in  lunar  photography,  for  which  some  occasional 
aid  has  been  given  in  previous  years  by  the  Institution. 

The  subscription  for  twenty  copies  of  the  Astronomical  Journal, 
which  are  distributed  abroad  as  exchanges  of  the  Institution,  has 
been  continued. 

Iu  the  Astro-physical  Observatory  tbe  investigations  of  radiant 
energy  alluded  to  in  my  previous  reports  have  been  continued,  and 
very  interesting  results  have  been  obtained.  I  have  referred,  on 
another  page,  somewhat  at  length  to  tbe  work  of  the  Observatory^ 
and  ftarther  details  are  contained  iu  tbe  report  in  tbe  Api>endiz. 

The  Hodgkins  researches  have  already  promised  to  assume  such 
importance  that  they  have  also  been  given  a  special  place  upon  a 
later  page  of  tbe  present  report. 

KXPLOBATIONS. 

I  am  much  gratified  to  report  the  safe  return  of  Mr.  W.  W.  Bockhill 
from  his  dangerous  journey  in  Tibet.  His  explorations  have  added 
much  to  our  knowledge  of  these  regions,  and  a  portion  of  tbe  collection 
he  has  made  will  eventually  be  placed  in  the  National  Museum.  Mr. 
Bockhill  is  now  engaged  upon  the  preparation  of  a  special  report  ot 
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his  jonrody,  which  will  be  pablished  iu  the  HisceUaneons  Collections 
of  the  InBtitatioD,  vhile  a  brief  popalar  abstract  of  his  paper  is  now 
ia  print  and  will  form  a  part  of  the  Appendix  to  the  Annual  Beport  of 
the  Regents  for  the  year  ending  June  30, 1892,  soon  to  be  issaed. 

The  principal  other  explorations  of  the  Institution  have  been  made 
throDgh  the  Bnrean  of  Ethnology,  to  the  report  of  whose  Director  the 
reader  is  referred. 

PnBLICATIOHS. 

j^itktonioH  Contributions  to  Knowledge. — The  quarto  series  of  pnbli- 
cations  under  this  title,  inaugurated  by  the  InBtitutiou  in  1S18,  has 
always  been  regarded  as  the  most  imi>ortant  of  its  iasnes — not  merely  by 
priority  in  date,  but  as  including  only  memoirs  of  extended  original 
investigations  and  researches,  advancing  what  are  believed  to  be  new 
tmths,  and  constituting  therefore  positive  additions  to  hnman  knowl- 
edge. 

The  hope  of  its  originator — the  first  Secretary — to  be  able  to  send 
forth  a  qoarto  volume  annually  (after  the  practice  of  the  Royal  Society 
of  London),  has  not  been  realized;  partly  from  the  insufflcieacy  of 
material  presented  judged  worthy  of  the  position,  partly  from  the  coat. 

Volume  xxvni  of  the  "Contributions  to  Knowledge"  has  been 
issued  during  the  year,  consisting  entirely  of  a  memoir  entitled  "  Life 
Histories  of  North  Anericati  Birds,  with  special  reference  to  their 
breeding  habits  and  eggs,"  by  Gapt.  Charles  E,  Bendire  (U.  S.  Army, 
retired),  honorary  curator  of  the  oological  collections  iu  the  U.  S. 
National  Museum.  This  somewhat  elaborate  worh  is  illustrated  with 
well-executed  chromo-lithograpbic  plates  of  birds'  eggs,  representing 
eight  families  and  over  100  different  species.  It  has  been  received  with 
exertional  favor  by  European  as  well  as  by  American  men  of  science. 

Another  memoir  published  during  the  year,  which,  though  brief, 
is  regarded  as  an  important  scientific  "  contribution,"  is  a  discussion,  by 
Prof.  A,  A.  Michelson,  of  "theapplicationof  interference  methods  to 
spectroscopic  measurements,"  with  a  view  to  an  increased  precision  in 
measuring  specific  wave-lengths  of  light,  which  may  ultimately  be  em- 
ployed as  fixed  standards  of  comparison  for  units  of  linear  metrology. 

Smithsonian  Miscellaneous  Collections. — Of  this  series  two  volumes 
have  been  issued  during  the  year,  Volumes  xxxiv  and  xxxvi,  the 
former  comprising  a  collection  of  ten  articles  previously  published 
separately. 

The  latter  cousists  of  a  new  bibliography  of  chemistry  for  the  past 
four  hundred  years,  a  work  of  remarkable  researcli  by  Dr.  Henry  Car- 
rington  Bolton,  extending  to  more  than  1,200  octavo  pages. 

Volume  XXXV  of  this  series  has  not  yet  been  completed,  though  the 
first  contribution  thereto  has  been  issued,  namely,  a  volume  of  "  Smith- 
sonian meteorological  tables"  of  over  300  pages.  It  forms  the  first 
of  three  projected  volumes  of  tables — (A)  meteorological,  (B)  geograph- 
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ical,  (C)  pbysical — desigued  to  supersede  the  tables  of  Dr.  Guyol,  first 
published  by  this  Institutiou  in  1862,  wbicb  bave  had  so  wide  ard  so 
usefiil  a  carreucy,  but  wblch  are  now  so  far  out  of  date  that  it  seems 
better  to  replace  tbaii  to  revise  and  reprint  then). 

SmHksonian  Annual  Rf^orta. — The  report  of  the  U.  9.  National 
Museum  to  the  Secretary  of  the  Smithsouian  lustitution  for  the  year 
ending  June  30, 1890,  has  orily  been  received  from  the  printer  this  year. 
The  Smithsonian  Report  for  the  year  ending  Juue  30, 1891,  as  well  as  the 
Museum  Report  for  the  same  period,  have  not  yet  beeu  received  from 
the  Government  Printing  Office. 

Keports  of  the  Bureau  of  Ethnology. — The  Seventh  Annual  Report  of 
the  Director  of  the  Bureau  of  Ethnology  to  the  Secretary  of  the  Smith- 
sonian IcstitutJon,  published  during  the  year,  maintains  the  usual  char* 
acter  of  excellence. 


The  plan  detailed  in  my  report  for  1887-'88  for  increasing  the  acces- 
sions to  the  library  and  for  completing  the  series  of  scientiflc  journals 
already  in  possession  of  the  Institutiou  has  been  continued,  with  grati- 
flying  results.  Since  the  plan  was  first  put  in  operation  1,350  new  peri* 
odicals  have  been  added  to  the  list  and  909  defective  series  have  been 
either  completed  or  filled  out  as  far  as  the  publishers  were  able  to  sup- 
ply missing  parts. 

The  reading  room  no  longer  has  sufficient  accommodations  for  the 
growing  exchanges  of  the  Institutiou,  nor  for  the  persons  desiring  to 
cousalt  this  important  collection  of  current  scientific  literature. 

Ever  since  1890  I  have  called  attention  in  my  reporta  to  the  fact  that 
the  present  quarters  of  the  library  are  insufficient,  the  natural  expan- 
sion of  the  library  having  been  prevented  by  the  fact  that  the  rooms 
adjacent  to  it  were  occupied  by  the  international  exchanges.  It  will 
be  possible  shortly  to  assign  other  quarters  to  the  exchanges,  and  plans 
have  been  prepared  for  book  shelves  and  a  gallery  in  one  of  the  rooms 
made  vacant.  It  is  estimated  that  space  will  thus  be  seuured  for  about 
6,000  volumes. 

Mr.  John  Murdoch,  whose  resignation  as  librarian  was  referred  to  in 
ray  last  report,  was  succeeded  in  charge  of  the  library  on  July  16, 1892, 
by  Mr.  J.  Elfreth  Watkins. 

Mr.  Watkins  on  October  1, 1892,  resigned  his  position,  and  on  Decem- 
ber 1, 1892,  Dr.  Gyms  Adler,  of  the  Johns  Hopkins  University,  was 
appointed  to  fill  the  vacancy.  Dr.  Adler's  report  on  the  library  for  the 
year  is  given  in  Appendix  IV. 
'  The  Institution  has  possessed  for  many  years  a  number  of  costly 
illustrated  works  of  art,  engravings  and  etchings,  which  were  acquired 
by  the  Regents,  by  purchase,  of  the  late  Mr.  Marsh,  our  minister  at 
Rome.  These  were  understood  to  have  been  temporarily  dexH>8ited 
the  Library  of  Congress  for  safekeeping  in  1874.    Some  correspgr 
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with  regard  to  tbemtook  place  betveen  the  Secretary  and  the  Librarian 
OD  Hay  10  of  tbe  present  year,  from  wbicb  it  appears  tbat  the  bound 
volames  are,  in  general,  accessible,  but  that  a  large  portion  of  the  un- 
bQond  engravings  which  the  catalogue — an  imperfect  one, — appears  to 
call  for, — can  not  at  present  be  found,  nor  is  it,  indeed  (owing  to  the  im- 
perfection of  the  present  catalogue  and  lists),  yet  ftertaiu  that  all  of  these 
were  in  factsent  to  the  Library  of  Congress. 

I  mention  in  connection  with  the  expression  of  the  interest  that  the 
lostitntton  is  intended  to  take  Id  ai-t,  the  fbct  that  the  Begeuts,  at  their 
meeting  of  October,  1S91,  having  instructed  the  Secretary  to  cause 
to  be  painted  a  portrait  of  Mr.  Hodgkins,  he  placed  the  execution  of  this 
in  the  hands  of  Mr.  Robert  Gordon  Hardie,  who  produced  (though  aided 
only  by  a  photograph  and  a  description  given  by  friends)  a  portrait  of 
Mr.  Hodgkins  both  valnable  as  a  work  of  art  and  singularly  true  as  a 
likeness.  This  was  submitted  to  the  Begents  at  their  meeting  in  Janu- 
ary, and  received  their  general  approbation. 

In  this  same  connection  it  may  be  observed  that  the  portrait  of  Henry, 
ekecoted  by  the  Regents'  instructions  in  former  years,  was  sent  to 
form  a  portion  of  the  Smithsonian  exhibit  at  the  World's  Fair  in  Chi- 
cago. 

THE  HODOSmS  FUND. 

As  stated  in  the  Secretary's  Report  for  1S92,  the  gift  to  tbe  Smith- 
sonian Institution  of  $200,000  by  Mr.  Tbomaa  George  Hodgkins,  of 
Setanket,  m.  Y.,  was  formally  accepted  at  a  special  meeting  of  the  Board 
of  Regents  on  the  21st  of  October,  1891. 

On  the  33d  of  the  same  month  Mr.  Hodgkins  added  to  his  will  a 
codicil  making  the  Smithsonian  lostitatiou  his  residuary  legatee,  but 
the  sum  thus  added  to  the  original  gift  will  not,  it  is  understood,  be 
considerable. 

The  committee  appointed  to  advise  upon  matters  connected  with  the 
Hodgkins  foundation*  submitted  the  following  circular,  which  was 
approved,  and  published  in  March,  1892,  and  has  since  then  been 
widely  distributed,  more  than  8,000  copies  having  been  sent  thronghoat 
tbe  world  to  learned  institutions  and  to  investigators,  and,  on  request, 
to  all  expressing  themselves  interested  in  the  researches  which,  iu 
accordance  with  the  wish  of  the  founder,  it  is  the  design  to  have 
specially  furthered  by  tbe  income  from  tbe  Hodgkins  fund. 

SMITHSOHIAN  INSTITUTION. 


CIRCULAR  COMCRRKINO  THS  HODGKINS  FUND  PRIZES. 

In  October,  1891,  Thomas  George  Hodgkins,  Esq.,  of  Setanket,  N.  Y., 
made  a  donation  to  the  Smithsonian  Institution,  the  income  fVom  a 
part  of  whir'  devoted  "  to  the  increase  and  diffusion  of  more 
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exact  knowledge  in  regard  to  the  natare  and  properties  of  atmospheric 
air  in  connection  with  the  welfare  of  mao."  H 

With  the  ioteot  of  ftirtbering  the  donor's  wishes,  the  Smithsonian 
Institution  now  announces  the  followiag  prizes,  to  be  awarded  on  or 
after  July  1, 1894,  should  satisfactory  papers  be  offered  in  competition: 

(1)  A  prize  of  910,000  for  a  treatise  embodying  some  new  and  im- 
imrtant  discovery  in  regard  to  the  nature  or  properties  of  atmospheric 
air.  These  properties  may  be  considered  in  their  bearing  upon  any  or 
all  of  the  sciences,  e.  g.,  not  only  in  regard  to  raetoorology,  but  in  con- 
nection with  hygiene,  or  with  any  department  whatever  of  biological 
or  physic^  knowledge. 

(2)  A  prize  of  $2,000  for  the  most  satisfactory  essay  upon  (a)  the 
knowu  properties  of  atmospheric  air,  considered  in  their  relationships 
to  research  in  every  department  of  uataral  science,  and  the  importance 
of  a  study  of  the  atmosphere,  considered  in  view  of  these  relationships; 
(6)  the  proper  direction  of  future  research,  in  connection  with  the  im- 
perfections of  our  knowledge  of  atmospheric  air,  and  of  the  connections 
of  that  knowledge  with  other  sciences. 

The  essay,  as  a  whole,  should  tend  to  indicate  the  path  best  calcu- 
lated to  lead  to  worthy  results  in  connection  with  the  future  adminis- 
tration of  the  Hodgkins  foundation. 

(3)  A  prize  of  $1,000  for  the  beat  popular  treatise  upon  atmospheric 
air,  its  properties  and  relationships  (including  those  to  hygiene,  phys- 
ical and  mental).  This  essay  need  uot  exceed  20,000  words  in  length; 
it  should  be  written  in  simple  language,  and  be  suitable  for  publication 
for  popular  instruction. 

{i)  A  medal  will  be  established,  under  the  name  of  The  Hodgldrui 
Medal  of  the  Smithsonian  Inatitution,  vthicV  vn{\  be  awarded  annnally 
or  biennially,  for  important  contributions  to  our  knowledge  of  the  na- 
ture and  properties  of  atmospheric  air,  or  for  practical  applications  of 
our  existing  knowledgeof  them  to  the  welfare  of  mankind.  This  medal 
will  be  of  gold,  and  will  be  accompanied  by  a  duplicate  impression  in 
silver  or  bronze. 

The  treatises  may  be  written  in  English,  French,  Qerman,  or  Italian, 
and  shooJd  be  sent  to  the  Secretary  of  the  Smithsonian  Institution, 
Washington,  before  July  1, 1894,  except  those  in  competition  for  the 
first  prize,  the  sending  of  which  may  be  delayed  until  December  31, 1894. 

The  papers  will  be  examined  and  prizes  awarded  by  a  committee  to 
be  appointed  as  follows:  One  member  by  the  Secretary  of  the  Smith- 
sonian Institution;  one  member  by  the  president  of  the  Kational  Acad- 
emy of  Sciences;  one  by  the  president  j>ro  tempore  of  the  American 
Association  for  the  Advancement  of  Science;  and  the  committee  will 
act  together  with  the  secretary  of  the  Smithsonian  Institution  as  mem- 
ber ex  officio.  The  right  is  reserved  to  award  no  prize  if,  in  the  judg- 
ment oftbe  committ«^  no  contribution  is  offered  of  sufBcient  merit  to 
warrant  an  award.  An  advisory  committee  of  not  more  than  three 
European  men  of  science  may  be  added  at  the  discretion  of  the  com- 
mittee of  award. 

If  no  disposition  be  made  of  the  flrstprizeatthetime  now  announced 
the  Inatitntion  may  continue  it  until  a  later  date,  should  it  be  made 
evident  that  important  investigations  relative  to  its  object  are  in  prog- 
ress, the  results  of  which  it  is  intended  to  offer  in  competition  for  the 
prize.  The  Smithsonian  Institution  reserves  the  right  to  limit  or  modify 
the  conditions  for  tliis  prize  after  December  1,  1894,  should  it  be  found 
necessary.  Should  any  oftbe  minor  prizes  not  be  awarded  to  papers 
sent  in  before  July  1, 1894,  the  said  prizes  will  be  withdrawn  &om , 
competition.  '^ 
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A  principal  motive  for  offerinK  tbese  prizes  in  to  call  atteution  to  tbe 
Hodgkius  fund  and  the  purposes  for  wliich  it  exists,  and  accordingly 
this  circnlar  is  sent  to  tLe  principal  iiniveraities,  and  to  all  learned 
Bocieties  known  to  the  Institution,  as  well  as  to  representative  men  of 
science  in  every  nation,  Suggestions  and  recommendations  iu  regard 
to  tUe  tuost  effective  application  of  this  f^nd  are  invited. 

It  is  probable  that  special  grants  of  money  may  be  made  to  speci^- 
ists  engaged  in  original  investigation  upon  atmospheric  air  and  its 
properties.  Applications  for  grants  of  this  nature  should  have  the 
indorsement  of  some  recognized  academy  of  sciences  or  other  institu- 
tion of  learning,  and  should  be  accompanied  by  evidences  of  tbe 
capacity  of  the  applicant  in  the  form  of  at  least  one  memoir  already 
published  by  him,  based  upon  original  investi^ratiou. 

To  prevent  misappreheusiou  of  the  founder^s  wishes  it  is  repeated 
that  the  discoveries  or  applications  proper  to  be  brought  to  the  coii- 
sidemtion  of  tbe  committee  of  award  may  be  in  the  field  of  any 
science  or  any  art  withoat  restriction ;  provided  only  that  they  have  to 
do  with  "the  nature  and  properties  of  atmospheric  air  in  connectimi 
with  the  welfare  of  man." 

Information  of  any  kind  desired  by  persons  intending  to  become 
competitors  will  he  farntsbed  on  applicatioc. 

All  communications  in  regard  to  the  Hodgkins  fund,  the  Hodgkins 
prizes,  tbe  Hodgkins  medals,  and  the  Hodgkins  tnnd  publications,  or 
applications  for  grants  of  money,  should  be  addressed  to  S.  P.  Langley, 
Secretary  of  the  Smithsonian  Institution,  Washington,  U.  S.  A. 

[SEiJ..]  S.  P.  Lanolby, 

Secretary  of  the  Smithsonian  Imtitution. 

Washington,  March  31, 1803. 

Some  desire  being  expressed  for  a  more  explicit  declaration  of  the 
scope  of  the  investigations  permitted  by  the  Hodgkins  foundation, 
the  following  supplementary  circnlar  wjvs  issued  in  April,  1893,  in  farther 
explanation  of  the  purport  of  the  donor's  intentions : 

SMITHSONIAN  INSTIIDTION. 
HOIK)  K  IN  d  PIUZEB. 

WAsniNGTOK,  April,  1893. 

In  answer  to  Inquiries  and  in  ftirther  explanation  of  statements  made 
in  the  Hodgkins  circular,  it  may  be  mided  that  any  branch  of  natural 
science  may  offer  a  subjw^t  of  discussion  for  the  Hodgkins  prizes, where 
this  snbject  is  related  to  the  study  of  the  atmosphere  in  connecti«)n 
with  the  welfare  of  man. 

Thus,  the  anthropologist  may  consider  tlie  history  of  man  as  affected 
by  climate  through  the  atmOHpliore;  the  geologist  may  study  in  this 
special  connection  the  crust  of  the  earth,  whoso  constituents  and  whose 
form  are  largely  mmlified  by  ntniosnlieiir  iuflnences;  the  botanist,  the 
atmospheric  relations  of  the  life  of  the  iilant;  the  electrician,  the  atmos- 
pheric electricity;  the  matlieniutlclan  and  physicist,  problems  of  aero- 
dynamics in  their  utilitarian  npnlicatioii  j  and  so  on  through  the  circle 
of  the  natural  sciences,  iMith  bii)lu(iii-al  and  physical,  of  which  there  is 
perhaps  not  one  which  is  neceHHiirlly  cxchuU^I. 

In  explanation  of  the  donor's  wi«iit'H,  wlilrh  llie  Institution  desires 
scrupulously  to  observe,  it  may  bi'  iiddcd  that  Mr.  Hodgkins  illus- 
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trated  the  catbolicity  of  his  plan  by  citing  the  experiments  of  Franklin 
in  atmospheric  electricity,  and  the  work  of  the  late  Panl  Bert  upon 
tbe  relations  of  the  atmosphere  to  life,  as  subjects  for  research,  which, 
iu  hia  own  Tiew,  might  be  properly  considered  in  this  relationship. 

While  the  wide  range  of  the  subjects  which  the  founder's  purpose 
makes  admissible  can  not  be  too  clearly  stated,  it  is  equally  important 
to  emphasize  the  fact  that  the  prizes  in  the  different  classes  can  be 
awarded  only  in  recognition  of  distinguished  merit. 

8.  P.  IiANOLKY, 

Secretary 

Numerous  applications,  which  are  referred  to  the  advisory  committee 
for  consideration,  have  already  been  made  for  grants  from  the  fiind  to 
aid  originfd  investigations  npon  the  nature  of  atmospheric  air  and  its 
properties.  Two  have  been  approved,  a  grant  of  $500  having  been 
made  to  Dr.  O.  Lummer  and  Dr.  E.  Fringsfaeim,  members  of  the  Phy- 
sical Institute  of  the  Berlin  University,  for  researches  on  the  deter- 
mination of  an  exact  measure  of  the  cooling  of  gases  while  expanding, 
with  a  view  to  revising  the  value  of  that  most  important  constant  which 
ie  technically  termed  the  "gumma"  function.  Drs.Lnmmer  andPring- 
sheim  were  recommended  for  this  work  by  the  eminent  Professor  Dr.  H. 
von  Ilelmholtz,  of  Berlin. 

A  second  grant  of  $1,000  has  beenmade  toDr.  J.  S.  Billings,  U.  8.  A., 
Army  Medical  Museum,  Washington,  and  to  Dr.  Weir  Mitchell,  of 
Philadelphia,  for  an  investigation  into  the  nature  of  the  peculiar  sub- 
stances of  organic  origin  contained  in  the  air  expired  by  human  beings, 
with  a  specific  reference  to  the  practical  application  of  the  results 
obtained  to  the  problem  of  ventilation  for  inhabited  rooms. 

It  is  the  intention  that  all  applications  for  special  grants  shall  be 
thoronghly  weighed  by  the  committee  first  appointed,  one  of  whose 
functions  it  is  to  advise  upon  matters  of  this  nature.  They  will  then 
be  referred  to  the  second,  or  committee  of  adjudication,  for  final  action, 
which  shall  be  reached  only  after  a  comparative  estimate  of  the  value 
of  the  researches  proposed,  and  their  relation  to  the  object  for  which 
the  Hodgkins  fund  was  established. 

Kumerons  papers  have  already  been  submitted  in  competition  for  the 
prizes,  all  of  which  will  be  carefully  examined  and  passed  upon  by  the 
vonunittees  before  a  final  decision  as  to  their  merit  can  be  reached. 

The  8ecretary  has  jinder  advisement  the  designs  for  the  medal  estab- 
lished in  connection  with  the  Hodgkins  competition,  and  which  it  has 
been  determined  to  award  annually  or  biennially. 

The  death  of  Mr.  Hodgkins  occurred  on  the  25th  of  November,  1892, 
when  he  had  reached  the  age  of  nearly  90  years.  In  this  event  the 
Institution  lost  not  only  a  generous  benefactor  but  a  friend  whose 
counsel  was  rendered  valuable  by  the  breadth  of  his  views  no  less 
than  by  the  earnestness  of  his  purpose  to  enlarge  the  domain  of  prac- 
tical science  in  its  relation  to  the  welfare  of  man. 
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inSCELLANEOOS. 

The  UfapUa  table. — In  the  spring  of  1893  a  petition,  signed  by  nearly 
200  working  biologists,  who  represented  some  eighty  universities  and 
'scientific  institutions,  was  presented  to  me,  asliing  that  a  table  be 
maintained  by  the  Smithsonian  Institution  at  the  Naples  Zoological 
Station,  for  the  benefit  of  American  investigators. 

This  step,  urged  by  su  large  a  number  of  representative  scientific 
men,  having  been  duly  uouaidered  and  favorably  decided  upon,  the  fol- 
lowing letter  was  addressed  to  Dr.  G.  W.  Stiles,  of  the  American  Mor- 
phological Society,  through  whom  the  petition  referred  to  reached  me: 

SUITHSONIAN  iNSriTtTTIOW, 

Washington,  April  7, 1893. 

Dbab  Sir:  I  have  given  careful  consideratiou  to  the  petitions  and 
papers  present«d  by  you,  and  I  have  decided,  in  behalf  of  the  Smith- 
sonian Institution,  to  rent  a  table  at  the  Naples  Zoological  Station  for 
three  years,  and  have  already  taken  steps  to  secure  it, 

I  shall  be  glad  to  be  able  to  learn  the  opinions  of  the  representative 
biologists  of  the  United  States  in  regard  to  the  best  administration  of 
this  table,  and  I  shall  esteem  it  a  favor  if,  tlirough  your  mediation,  au 
advisory  committee  of  four  persons  may  be  formed,  one  to  be  nomi- 
nated by  the  president  of  the  National  Academy  of  Scieneea,  one  by 
the  president  of  tlie  American  Society  of  Naturalists,  one  by  the  presi- 
dent of  the  Morphological  Society,  and  one  by  the  president  of  the 
Association  of  American  Anatomists,  with  the  understanding  that  1 
may,  if  need  arise,  feel  at  liberty  to  ask  their  counsel  in  regard  to  the 
regulations  for  the  use  of  the  table,  or  as  to  the  merits  of  applicants 
for  it. 

The  table  will  be  known  as  the  Smithsonian  table.  Publications 
resnltiiig  f^om  its  use  will  bear  the  name  of  the  Smithsonian  Institution, 
and  snch  of  them  as  are  of  sufficient  importance  will  probably  be  printed 
in  the  Smithsonian  Contributions  to  Knowledge. 

While  the  exact  conditions  will  be  determined  later,  I  may  say,  sub- 
ject to  better  advices,  that  it  seems  to  nie  now  that  applications  for 
the  use  of  the  table  should  be  made  to  the  Secretary  of  the  Institution, 
who  will  probably  desire  to  feel  authorized  to  consult  the  above-men- 
tioned committee  concerning  them  whenever  in  his  judgment  occasion 
arises  for  doing  so. 

If  this  meets  your  approval  will   you  kindly  communicate  to  the 
president  of  each  of  the  societies  named  my  request  that  he  nominate 
a  member  of  the  advisory  committee  in  question. 
Very  respectfully,  yours, 

S.  P.  LANaLET, 

Secretary. 

Dr.  C.  W.  Stiles. 

Four  members  of  an  advisory  committee  were  nominated  in  accord- 
ance with  my  request,  as  follows: 

M^j.  John  S.  Billings,  U.  S.  A.,  nominated  by  Prof.  O.  C.  Marsh, 
president  of  the  National  Academy  of  Sciences. 

E.  B.  Wilson,  ph.  d.,  professor  of  zoology,  Oolumbia  University, 
nominated  by  Prof.  Chittenden,  president  of  the  Society  of  American 
Naturalists. 
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0.  W.  Stiles,  PH.  D.,  zoologist,  Bnreaa  of  Animal  Indnstry,  IT.  S. 
DepartmeDt  of  Agrioaltare,  DomiDat«d  by  Prot  G.  O.  Whitman,  presi- 
dent of  the  American  Morphological  Society. 

John  A.  Byder,  PH.  d.,  professor  of  embryology,  University  of 
FeunsylTaDio,  nominated  by  Prof.  Allen,  president  of  the  Association 
of  American  Anatomists. 

These  uominationa  having  been  approved,  I  designated  Dr.  J.  S. 
Billings,  U.  8.  A.,  chairman  and  Dr.  C.  W,  Stiles  secretary  of  the  com- 
mittee. 

Satisfoctory  conditions  as  to  the  occupancy  of  the  table  were  arranged 
with  Dr.  Dohrn,  the  director  of  the  station  at  Naples,  and  the  follow- 
ing contract  was  dnly  signed  and  completed: 

(TnoalaUoQl 
COHTBACT. 

1.  The  director,  Dr.  A.  Dohrn,  places  a  study  table  in  the  laborato- 
ries of  the  Zoological  Station  at  Kaples  at  the  disposition  of  the  Smith- 
sonian Institotion  under  the  following  conditions  and  on  the  terms 
stated  in  article  11  of  this  contract: 

2.  The  table  will  be  prepared  for  the  occupancy  of  the  atadent  desig- 
nated by  the  Smithsouian  Institution  within  one  week  from  the  time 
tbe  administration  sliall  have  been  advised  of  his  arrival. 

3.  Tbe  table  must  be  supplied  with  the  objects  enumerated  below,  as 
follows : 

(a)  The  principal  chemical  reagents; 

(ft)  Instruments  ordinarily  nec^ded  in  anatomy  and  microscopy  j 

(e)  Implements  for  drawing. 
The  latwratories  will  be  found  provided  with  the  more  complicated 
instruments  and  apparatus  which  are  commonly  used;  these,  however, 
will  be  provided  only  in  duplicate  or  in  triplicate,  while  they  are  to 
serve  for  the  general  use.  The  station  does  not  provide  optical  instru- 
ments for  the  tables,  it  being  understood  that  those  who  come  there  to 
work  are  to  furnish  their  own. 

4.  The  table  is  supplied  with  a  sufficient  number  of  small  aqnaria  with 
flowing  water,  to  serve  for  any  experiments  which  the  student  may 
need  to  make. 

5.  The  animals  which  are  the  object  of  the  research,  will  be  renewed 
as  often  as  possible,  and  according  to  the  student's  needs.  It  will  also 
be  practicable  to  have  material  prepared  and  preserved  in  known  ways, 
in  order  that  tbe  studies  commenced  at  Naples  may  be  continued  else- 
where. 

6.  The  great  aquarinm  attached  to  the  Zoological  Station  will  be 
open  gratis  to  the  occupant  of  the  table,  either  for  bis  ent^i^ainment 
or  for  his  studies  upon  animal  habits. 

?.  The  library  of  the  Zoological  Station  is  in  a  hall  adjacent  to  the 
laboratories,  and  is  accessible  to  the  occupant  of  tiio  table,  who  may  use 
it  as  a  reading  or  a  writing  room. 

8.  Tbe  laboratories  will  be  open  at  7  o'clock  in  tbe  morning  in  sum- 
mer and  8  o'clock  in  winter.  In  exceptional  cases,  other  arrangements 
may  be  made  with  tbe  administration,  though  the  employes  are  not 
obliged  to  open  the  laboratories  before  the  given  hour.  From  June  20 
to  August  20  tbe  laboratories  will  be  closed.  ('(k-ioIc 
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9.  The  occupant  or  the  table  will  liave  tbe  right  to  Hhare  in  the  fish- 
ing expeditious  sect  out  from  the  station,  as  well  as  to  learti  the  different 
methods  in  use. 

10.  iDJnries  to  the  instrnmeDts  and  utensil?  caused  by  the  occnpant 
of  tbe  table,  will  be  at  the  cost  of  tbe  administration,  so  long  as  the 
amount  does  not  exceed  20  francs. 

11.  The  present  contract  is  for  the  term  of  three  years,  and  tbe 
Smithsonian  Institution  promises  to  pay  Dr.  Anton  Dohm,  tbe  Direc- 
tor of  the  Zoological  Station,  yearly  in  advance,  the  sum  of  2,500  francs, 
in  gold,  for  tbe  rent  of  tbe  table  in  the  laboratories  of  tbe  Zoological 
Station. 

Signed  in  duplicate, 
Washington,  June  9,  1893. 

S.  P.  Lanoley, 
tfecretary  of  the  Smithsonian  Inatitutian. 
Naples,  May  10,  1803. 

Professor  Dr.  Anton  Dohek, 
Director  of  the  Zoological  Station  of  Naples. 

Numerous  applications  for  the  occupancy  of  the  table  have  been 
received,  but  at  the  close  of  the  fiscal  year  sufGcient  consideration  had 
not  been  given  them  to  render  it  possible  to  make  any  definite  assign- 
ment. 

With  a  desire  for  the  information  necessary  to  a  right  administra- 
tion of  the  afi'airs  of  tbe  table,  I  have  requested  that  all  applications 
shall  be  accompanied  by  credentials  showing  tbe  qualiflcatioDS  of  tbe 
candidate  to  carry  on  original  investigations  in  some  field  for  which 
especial  facilities  are  oS'ered  at  the  Naples  Station.  These  credentials 
are  to  be  accompanied  by  a  scientific  history  of  the  candidate,  together 
with  a  list  of  such  original  papers  as  he  may  have  published. 

Those  appointed  to  the  table  will  be  expected  b>  make  a  report  at 
the  end  of  tbeir  term  of  occupation,  or,  in  case  of  a  long  residence  at 
the  station,  to  submit  such  a  report  to  the  Institution  every  three 
months. 

Seal  of  the  Institution. — It  having  been  found  advisable  that  tbe 
Institution  should  have  a  new  seal,  a  device  was  prepared  by  Mr.  St. 
Gaudens,  the  eminent  sculptor,  whose  esthetic  value,  as  compared  with 
the  one  it  replaced,  is  incontestable.  One  of  the  first  uses  of  this  seal 
was  to  afltx  it  to  the  circulai*  concerning  the  Hodgkins  gift,  which  has 
just  been  referred  to.  Its  use  as  the  seal  of  tbe  Institution  was  for- 
mally recognized  by  fclie  resolution  of  the  Regents  of  January  25, 1893. 

Lunar  photography. — I  have  been  interested  for  a  considerable  time 
in  the  possibility  of  preparing  a  chart  of  the  moon  by  photography, 
which  would  enable  geologists  and  selenographers  to  study  its  surface 
in  their  cabinets  with  all  the  details  before  them  which  astronomers 
have  at  command  in  tbe  use  of  the  most  powerful  telescopes. 

Such  a  plan  would  have  seemed  chimerical  a  few  years  ago,  and  it  is 
still  Burronnded  with  diffir-  's  probable  that  within  a  com- 

paratively few  years  it  m  lly  carried  out,    Ko  definite 

scale  has  been  adopted,  bi  :liat  tbe  disk  thus  presented 
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shonld  approxiinate  in  size  one  two-millionth  of  the  Innar  diuneter; 
bat  whilo  photographs  have  been  made  on  this  scale,  I  do  not  think 
that  any  of  them  Bhov  detail  which  may  not  be  given  on  a  smaller  one. 

I  have  been  fovored  with  the  cooperation  and  interest  in  this  work 
of  the  directors  of  the  Harvard  College  Observatory,  of  the  Lick 
Observatory,  and  others,  who  in  response  to  a  letter  addressed  to  them 
on  Febmary  10,  1893,  have  obliged  me  with  many  valuable  snggea- 
tions.    This  important  work  is  still  under  advisement. 

DeUgatea  to  universities  and  learned  aooietieg. — The  Smithsonian 
iDstitntion  is  not  infrequently  invited  to  send  representatives  to  special 
celebrations  iustitated  by  learned  societies  or  nuiversities  with  which  it 
is  in  correspondence  both  in  this  country  aod  abroad.  Whenever 
practicable,  special  delegates  have  been  designated  by  the  Secretary  to 
represent  the  Institution  on  sach  occasions. 

Dr.  James  0.  Weiling,  president  of  the  Golambian  University  and 
Regent  of  the  Smithsonian  Institution,  who  was  proceeding  abroad  as 
a  Commissioner  of  the  United  States  to  the  Exposition  at  Madrid  in 
1802,  was  appointed  delegate  of  the  Smithsonian  Institufion  to  the 
Tercentenary  celebration  of  the  foandiag  of  Trinity  College  of  the  Uni- 
versity of  Dublin,  which  took  place  on.  July  5-8, 1892. 

Dr.  George  Vasey,  botanist  of  the  U.  S.  Department  of  Agricnltore 
and  honorary  curator  of  the  department  of  botany  in  the  U.  S. 
Kational  Museum,  represented  the  Smithsonian  Institution  and  the 
National  Museum  at  the  Botanical  Congress,  Geneva,  on  the  occasion 
of  the  Columbian  festivities,  fh>m  the  4th  to  the  13th  of  September,  1892. 

At  the  celebration  of  the  one  hundred  and  fiftieth  anniversary  of  the 
founding  of  the  American  Philosophical  Society  of  Philadelphia,  from 
May  22  to  May  26, 1893,  the  Smithsonian  Institution  was  represented 
by  Prof.  WUIiamC.Winlock,A8Sistantin  charge  of  office;  Dr.  Goode, 
the  Assistant  Secretary,  having  been  unable  to  attend. 

Assignment  of  Rooms. — A  room  is  still  reserved  in  the  basement  for 
the  use  of  the  officers  of  the  U.  S.  Coast  and  Geodetic  Surrey  for  pen- 
dulum experiments. 

The  American  ffistarieal  Asso<nati<m. — The  annual  report  of  the 
American  Historical  Association  was  on  Febmary  27, 1893,  commnni- 
cated  to  Congress  in  accordance  with  the  act  approved  January  4, 1889, 
and  the  ngual  public  document  number  of  1,900  copies  was  ordered 
printed. 

Stereotype  plates  and  cuts. — The  collection  of  stereotype  plates  of  the 
Smithsonian  and  Museum,  and  of  engravers'  wood  cuts  and  process 
plates  is  now  so  large  that  its  proper  cataloguing  and  storage  has 
called  for  serious  attention.  It  has  always  been  the  policy  of  the 
Institution  to  permit  the  use  of  these  plates  by  publishers  under  reason- 
able conditions,  and  the  requeste  for  electrotype  copies  o'  cuts  have 
grown  more  nnmerons.  The  original  cute  are  placed  in  the  bauds  of 
SH  93 2 
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an  engraver  and  electrotype  copies  are  furnished  at  very  smalt  cost, 
the  expense  being  met  by  the  applicant. 

8pe<kal  Smitkaonum  oorreip<yndent  in  Paris. — M.  C.  Reinwald  &  Co., 
15  me  des  Saints-P^res,  Paris,  were  designated,  on  June  6, 1893,  as 
special  ooixespondenta  of  tlie  Smitlisooian  InstitatioD,  through  whom 
oommissiona  can  be  conveniently  attended  to.  I  should  add  that  no 
compensation  is  attached  to  this  agency. 

Rmsiati  Pkysioo-Ckemical  Society. — I  deem  it  not  inappropriate 
to  give  the  following  letter  received  June  29, 1892,  from  the  fiussian 
Physico-chemical  Society: 

St.  Pbtbesbueg,  May  31, 1892. 
Stuaian  Pkpisco-Ckemical  Society  University  to  the  Smithsonian  Insti- 
tution at  Washington: 

The  nniversal  science  reposes  on  the  brotherhood  of  nations.  The 
United  States  of  America  in  sending  bread  to  the  Brussian  people  in 
time  of  scarcity  and  need  gave  the  most  aflectiug  instance  of  brotherly 
feeling.  The  Kuseiau  chemists  who  devote  themselves  to  the  service  of 
universal  science,  at  their  meeting  of  the  7/19  of  May  decided  to  ask 
their  brethren  of  the  Smithsonian  Institute,  to  transmit  the  expression 
of  their  sincere  thanks  to  all  persons  or  institutions  who  contributed 
to  the  iulfillment  of  this  brotherly  aid. 

President  D.  Mbttdelbeff. 
Secretary  D;  Konowalow. 

A  copy  of  this  letter  was  communicated  to  the  chairman  of  the  Has- 
sian  Famine  Belief  Committee  and  to  the  public  press. 

Correspondenoe. — Minor  changes  have  been  made  in  the  methods  of 
handling  correspondence,  with  a  view  to  disposing  of  all  letters  with 
the  greatest  dispatch  compatible  with  the  character  of  the  work,  and 
the  number  of  clerks  that  can  be  assigned  to  such  duties.  During  the 
preceding  year  a  plan  was  adopted  of  separating  the  flies  in  the  Secre- 
tary's office  according  to  the  different  branches  of  the  work,  inde- 
pendent files  being  assigned  to  the  Secretary's  correspondence  con- 
cerning the  Smithsonian  routine  proper,  the  observatory,  the  museom, 
the  park,  etc.;  and  with  each  file,  separate  press-copy  books.  The 
files  have  been  designated  as  follows: 

1.  Smithsonian  proper. 

2.  The  Kational  Museum. 

4.  The  Bureau  of  Ethnology. 

5.  The  Zoological  Park. 

6.  The  Astro-physical  Observatory. 
11.  Assistant  in  charge. 

20.  Aerodynamics. 

25.  Hodgkins  fund. 
A  card  index  was  begun  on  January  1,  1893,  for  both  letters  receiyed 
and  letters  written,  to  facilitate  reference  to  the  various  files,  and  this 
index  will  be  extended  back  to  all  letters  since  January  1, 1893,  as 
opportnuity  offers. 
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Each  letter  of  importance  is  registered  as  I  have  described  iq  pre- 
vious reports,  and  its  course  is  traced  until  it  is  fitiaUy  disposed  of.  la 
addition  to  letters  registered,  many  are  forwarded  directly  to  the 
Museum,  the  Bureau  of  Ethnology,  the  Zoological  Park,  the  Bureau 
of  International  Exchauges,  etc.,  for  disposition.  Many  others,  con- 
cerning publications,  are  sent  directly  to  the  document  room  there  to  be 
filed  and  accounted  for.  Referring  now  only  to  letters  that  are  regis- 
tered in  the  Secretary's  office,  3,184  entries  were  made  for  the  fiscal 
year  1892-'9;(. 

A  further  change  in  treating  corresi>on deuce  has  gradually  been 
forced  upon  the  Secretary,  and  with  the  object  of  obviating  the  neces- 
sity of  giving  so  much  of  his  time  to  matters  of  purely  clerical  routine, 
a  decision  was  finally  reached,  to  delegate  authority  to  the  Assistant 
in  charge  of  office,  to  the  acting  Curator  in  charge  of  the  Museum,  and 
to  the  Librarian,  to  sign  routine  letters  bearing  esclusively  upon  desig- 
nated claiitses  of  correspondence.  This  has  relieved  the  Secretary  of 
personally  attending  to  correspondence  of  this  dass,  without  impairing 
bis  proper  supervision  of  official  business. 

THE  NATIONAL  MUSEUM. 

The  Museum  of  the  Smithsonian  Institution,  tbe  nucleus  of  which 
was  Smithson's  cabinet  of  minerals,  wax  formed  in  part,  and  for  a  time 
entirely  maintained,  at  the  expense  of  the  Smithson  fund.  Subse- 
quently, at  the  bidding  of  Congress,  the  .Institution  assumed  charge 
of  the  so-called  "Nationul  Cabinet  of  Curiosities,"  which  included 
the  collections  of  the  United  States  exploring  expedition;  the  collec- 
tions of  tbe  National  Institute  founded  in  1840,  and  numerous  other 
objects  and  collections  which  had  accumulated  under  the  charge  of  the 
Commissioner  of  Patents.  For  tbirty-tive  years  these  two  series  of 
collections  have  been  housed  and  cared  for  conjointly,  and  form  the 
nucleus  of  what  is  now  known  as  the  National  Museum. 

Each  year  since  1858  Congress  has  appropriated  a  certain  sum  of 
money  for  the  maintenance  of  the  National  Museum,  but  up  to  this 
time  it  has  not  made  any  special  provision  for  the  improvement  of 
the  collections  by  purchnse,  while  it  is  becoming  evident  that  those 
received  by  gift  or  from  other  Government  sources,  though  of  consider- 
able extent,  are  of  rapidly  diminishing  consequence,  since  these  things 
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vantage  in  which  it  stands,  when  compared  with  what  are  uow  its  com- 
petitors ill  the  national  collections  of  the  leading  countries  of  Enrope, 
has  grown  painfully  obvioas.  ImportAut  collections  made  in  this  conn- 
try  of  the  objects  illustrating  the  vanishing  life  of  its  own  native  races 
of  men  and  animals — collections  which  can  never  be  made  again,  and 
never  be  replaced — are  being  permanently  withdrawn  to  enrich  the 
museums  of  Europe.  This  has  already  gone  so  far  that  it  is  necessary 
in  order  to  study  the  past  life  of  our  own  Mississippi  Valley  to  go  to 
England,  while  for  that  of  southern  Alaska  wo  must  go  to  Berlin,  and 
for  the  Galiforniao  coast  we  must  go  to  Paris,  and  so  on.  It  is  already 
then,  in  European  capitals  more  than  in  our  own,  that  we  have  to  go 
for  some  of  the  most  important  studies  of  our  native  races;  and  at  the 
present  rate,  within  a  few  more  yeats,  when  the  American  collector 
has  nothing  more  left  to  gather  and  to  sell  abroad,  it  will  be  in  Europe 
and  not  in  America  that  the  student  of  past  American  history  most 
seek  for  nearly  everything  that  most  fully  illustrates  the  ancient  life 
and  peoples  of  the  American  continent. 

This  is  an  exceedingly  regrettable  circumstance  and  one  which  I  sin- 
cerely hope  the  N^ational  Legislature  will  be  disposed  to  modify.  I  may 
remark  in  this  connection  that  the  National  Museum  is  in  danger  of 
forfeiting  its  proper  status  also  on  acconntof  the  competition  of  private  • 
collections.  With  the  increase  of  wealth  in  the  country  the  desire  for 
the  establishment  of  museums  in  various  cities  has  been  realized 
and  the  amount  spent  for  objects  in  many  of  them  is  f^  greater  than 
the  National  Museum  has  ev6r  had  at  its  disposal.  While  the  National 
Museum  has  always  desired  to  cooperate  fully  with  private  establisti- 
meuts  of  like  nature,  it  is  felt  that  the  scientific  and  educational  collec- 
tion of  the  Government  should  be  in  nowise  inferior. 

During  the  past  year  the  Museum  has  been,  as  hitherto,  under  the 
charge  of  Dr.  G.  Brown  Goode,  the  Assistant  Secretary  of  the  Institu- 
tion. Mr.  Frederick  W.  True  was  designated  by  me  curator-in -charge, 
and  has  assumed  the  general  management  of  the  Museum  at  different 
times  during  the  absence  of  the  Assistant  Secretary. 

A  full  report  upon  the  operations  of  the  Museum  has  been  prepared 
by  Dr.  Goode,  and  will  form  a  separate  volume,  of  which  an  abstract 
is  given  here  later. 

The  Museum  has  been  engrossed  during  the  year  in  completing  the 
preparations  for  the  exhibits  at  the  World's  Columbian  Expositiim, 
and  this  work  caused  the  practical  suspension  of  many  regular  oper- 
ations. The  exhibits  were  ready  at  the  appointed  time  and  were 
installed  iu  the  Government  building  in  the  Exposition  by  the  curators 
of  the  Museum,  under  the  direction  of  the  Assistant  Secretary,  who  was 
the  representative  of  the  Institution  on  the  Government  board. 

A  statement  regarding  the  exhibits  of  the  Museum  will  be  found  in 
the  report  of  the  Assistant  Secretary. 

In  connection  with  this  work  mention  should  be  made  of  the  Colam- 

t.oogic 


BEPOBT  OF  THE  8ECBETART.  21 

biaii  Historical  Exposition  lield  in  Madrid  iii  tbe  fall  and  winter  r>f 
1892.  This  Exposition  was  a  purt  of  the  very  extensive  celebration  of 
the  four  hundredth  anniversary  of  the  sailing  of  Columbus,  held  in  the 
various  cities  of  Spain  under  tlie  direction  of  the  Spanish  Government. 
A  commission  was  appointed  by  the  Presideut  to  represent  the  United 
States,  consisting  of  Rear  Admiral  Luce,  U.  S.  N.,  Dr.  J.  0.  Welling, 
oue  of  the  regeuts  of  this  Institutioo,*  and  Mr.  Goode,  its  Assistant 
Secretary,  and  a  liberal  appropriation  made  for  the  expenses  of  trans- 
portation and  maintenance  of  the  exhibits.  Extensive  collections  were 
sent  by  the  Smithsonian  Institntion,  taken  from  its  own  collections 
and  borrowed  from  its  collaborators  and  correspondents.  They  were 
ethnological,  archeological,  and  historical,  and  were  supplemented  by 
other  collections  sent  by  the  University  of  Peunsylvanta,  the  Btirean 
of  American  Republics,  and  the  Hemenway  Expedition.  Tbe  exhibi- 
tion in  Madrid  was  as  a  successful  one,  and  the  exhibit  of  the  United 
States  was  highly  appreciated  by  the  Spanish  Government,  and  led  to 
ite  eztraordinarily  generous  participation  in  the  subsequent  celebra- 
tion in  Chicago.  Gold  medals  were  awarded  to  the  Smithsonian  Insti- 
tntiou,  to  the  Museum,  and  the  Bureau  of  Ethnology. 

The  Museum  building  has  been  visited  by  a  larger  number  of  persons 
during  the  past  year  than  over  before,  the  total  immber  exceeding  300,000. 
This  growing  interest  in  the  collections  on  the  part  of  the  public,  is  a 
gratifying  circumstAnce,  and  leads  to  the  belief  that  tbe  care  bestowed 
upon  tbe  esbibitioD  series  is  not  unappreciated. 

On  account  of  the  crowded  condition  of  tbe  exhibition  halls,  the 
effective  display  of  many  of  the  collections  of  the  Museum  is  prevented. 
The  proper  lightiug  of  the  cases  is  interfered  with  and  the  arrange- 
ment of  the  specimens  is  necessarily  less  systematic  than  is  desirable. 

The  Museum  baa  continued  to  distribute  to  educational  establish- 
ments throughout  the  country  such  collections  of  duplicate  natural- 
histery  specimens  as  it  has  been  found  practicable  to  prepare.  Some- 
what more  than  13,000  specimeus  have  been  sent  out  during  the  year. 
These,  however,  have  beeu  far  from  sufBcieut  to  meet  the  demands  of 
applicauta  and  numerous  requests  remain  uuacted  upon.  I  regard 
this  distribution  of  specimens  as  one  of  the  most  important  operations 
of  tbe  Museum,  and  one  on  which  much  more  time  and  money  could  be 
profitably  spent.  With  the  resources  available  it  has  been  impossible 
to  prepare  collections  in  more  than  a  few  lines,  and  these  have  all  been 
more  or  less  imperfect.  The  high  schools  of  the  country,  to  which  each 
collections  would  be  of  much  value,  can  not  at  present  be  supplied. 

My  attention  has  been  called  by  the  Assistant  Secretary  to  the  inade- 
quate size  of  the  editions  of  the  publications  of  the  Museum.  It  is  not 
at  present  possible  to  supply  all  the  larger  libraries  of  the  world,  and 
the  minority  of  the  smaller  oues,  in  many  of  which  they  would  be  of 


•  Dr.  WelllDg  was  recalled  by  official  baHiness  after  reacbin;;  I^adou,  and 
replaced  by  Dr.  Daniel  G.  BriDton,  of  tbo  University  of  I'euusylvaiiia.     iOOQI 
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iii^  miVitj,  are  entirely  unprovided.  Indiriduals  do  not  receive  tbe 
x'Awmtr*  at  aU.  but  only  aocli  papers  extracted  from  them  as  relate  to 
Um;  M:i<ntific  work  in  vhich  tliey  are  immediately  concerned.  It  is 
Miurb  tu  \n:  de»ired  that  larger  editions  slionld  be  provided  for. 

l>anDg  the  year  two  voIam«s  of  Che  Proceedings  and  one  complete 
WUBbfT  and  partif  of  another  nomber  of  the  Bulletin  were  published. 

Th«  HoxMun  has  been  benefited,  as  in  previous  years,  by  the  co- 
aperatknof  tbedeveral  Departments  and  Boreaosof  theGovenunent. 
Bpedal  mention  should  be  made  in  thrs  connection  of  the  many  conr- 
Umhh  ra^ived  from  the  consular  serWce  of  the  Department  of  State. 
Tbe  Quart«rmaKter's  Department  of  the  Army  has  assisted  materi- 
ally by  providing  transportation  for  bulky  collections  coming  to  the 
Xational  Muftenm  from  remote  localities.  The  Museam  faas  further 
been  able  to  avail  itself  of  the  services  of  officials  of  the  Kavy  Depart- 
ment, Department  of  Agriculture,  the  C.  3.  Geological  Survey,  and 
C  8.  Fish  Commission,  who  have  acted  in  the  capacity  of  honorary 
curators. 

BUREAU  OF  ETHNOLOGY. 

The  researches  of  the  Bureau  of  Ethnology  relating  to  the  American 
Indians  were  continued  during;  the  year  in  accordance  with  law,  under 
the  direction  of  Maj.  J.  W.  Powell,  who  also  directed  the  work  of  the 
U.  8,  Geological  Survey. 

As  during  previous  years  the  work  of  the  Bureau  has  been  con- 
ducted with  special  reference  to  the  American  Itidians  in  their  primitive 
condition,  with  a  view  of  securing  tbe  largest  possible  amount  of  infor- 
mation, both  in  the  form  of  records  for  print  and  in  the  form  of  mate- 
rial objects  for  preservation  and  future  study  in  the  National  Museum. 
Thus  extensive  col  lections  are  made  annually,  and  the  value  of  these 
collections  is  greatly  enhanced  by  reason  of  tbe  full  notes  always  pre- 
pared and  the  extended  publications  sometimes  made  by  the  collect- 
ors. 

The  non-material  collections  of  data  relating  directly  to  the  native 
Americans,  to  the  distribution  of  tribes,  to  their  habits  and  customs, 
to  their  arts,  languages,  institutions,  and  beliefs,  are  also  abundant 
and,  it  is  believed,  of  permanent  value.  Detailed  information  on  these 
subjects  is  published  iu  three  series  of  reports  additional  to  the 
abstracts  appearing  in  the  Itejwrt  of  the  Secretary  of  tbe  Smithsonian 
Institution.  The  thirty  volumes  already  published  form  a  rich  store- 
house of  facts  relating  to  our  native  races.  Four  volumes  were  added 
to  this  library  during  the  year. 

One  of  the  most  interesting  questions  ever  raised  concerning  the 
early  peoples  of  this  country  related  to  the  artificial  mounds  scattered 
abundant'  fisslHsippi  Valley  and  with  less  abundance  over 

most  of  (  Many  investigators  have  given  attention  to 

these  woi  '  race;  and  it  came  to  be  a  general  opinion 
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that  the  bail^lers  of  the  mouuilB  vrete  a  distinct  peoi>le  aute-datiug  the 
Dative  races  foand  in  poaseesioD  of  the  land  on  the  advent  of  the  Euro- 
peans. Within  the  last  five  years  extended  surveys  of  the  mound 
territory  have  been  made  by  collaborators  of  the  Boreau  under  imme- 
diate instructions  fk-om  the  Director  and  by  Dr.  Gyms  Thomas.  An 
elaborate  report  on  this  subject  has  been  prepared  daring  the  year 
and  is  now  in  press.  It  is  the  united  opinion  of  the  officers  of  the 
Bureau  that  this  document  contains  the  solution  to  the  mystery  of  the 
mounds;  vet?  greatly  to  the  surprise  of  the  investigators  who  began 
the  work,  they  have  been  led  to  believe  that  the  mounds  and  the  art 
products  contained  therein  are  in  no  wise  distinct  ftom  the  works  of 
the  modern  Indians,  and  that  the  distribution  of  tribes  can  now  be 
studied  IVom  the  mounds  themselves  as  well  as  from  other  aboriginal 
records. 

The  work  of  the  Bureau  on  Archeolog:y  or  prehistoric  arts  has  been 
conducted  with  energy  and  exceptional  snccess.  Until  recently  many 
of  the  leading  students  of  American  antiquities  were  Europeans;  and 
thus  it  happened  that  the  clasaiflcatioa  of  >^jnerican  art  products  was 
to  a  large  extent  an  imported  one,  corresponding  to  foreign  generali- 
zations and  ideals  rather  than  to  any  indigenous  standard.  Thus  a 
history  of  succession  of  peoples,  representing  increasing  grades  of  cub 
ture,  has  been  wrought  oat.  As  will  be-seen  from  the  reports  of  the 
Director  and  collaborators  of  the  Bureau,  however,  an  indigenous  clas- 
siflcatioD  has  been  also  developed  by  it,  and  it  has  been  shown  to  be 
probable  that  the  objects  supposed  to  represent  the  series  of  culture 
stages  are  in  most  cases  at  least  the  handiwork  of  single  tribes  during 
the  same  epoch.  These  researches  were  conducted  chiefly  by  Prof. 
W.  H.  Holmes,  with  the  assistance  of  Messrs,  Fowke  and  Dinwiddie. 
If  these  important  results  obtain  general  acceptance,  the  effect  will  be 
to  shorten  the  earlier  estimates  of  the  antiquity  of  man  on  this  conti- 
nent, and  in  this  respect  it  will  be  observed  that  they  are  coincident 
with  those  Sowing  from  the  mound  researches. 

Important  investigations  concerning  the  beliefs  of  the  Indians  of 
different  parts  of  the  conntry  have  been  conducted  during  the  year, 
notably  by  Mrs.  M.  C.  Stevenson  and  Mr.  F.  H.  Coshing  among  the 
ZuQis,  and  Dr.  Hoffman  among  the  remnants  of  the  Lake  Saperior 
tribes.  An  elaborate  memoir  by  the  flrat-named  collaborator  was  sent 
to  press  during  the  year. 

The  principal  work  relating  to  the  sociology  or  institntious  of  the 
aborigines  was  that  of  continuing  the  preparation  of  a  tribal  synonymy 
or  dictionary  of  tribal  names,  including  not  only  those  names  applied 
by  white  men,  but  the  names  current  among  the  Indiana  themselves. 
Connected  with  this  work  is  a  detailed  study  of  the  literature  relating 
to  the  Indian  languages  by  Mr.  James  Constantine  Pilling.  The  results 
of  this  study  form  a  bibliography  which  has  already  come  to  be  recog- 
ni7.ed  as  a  standard  by  the  bibliographic  students  of  the  world.         j  ^ 
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An  important  line  of  iovestigatiun  related  to  the  means  of  intercfaang- 
ing  ideas  among  onr  native  races,  inclading  gestnre,  speech,  and  pjc- 
tare  writing,  as  well  aa  spoken  language.  The  primitive  modes  of 
expression  by  means  of  gestures  or  pantomime  and  by  means  of  glyphs 
or  pictures  toe  held  by  students  as  of  special  interest,  in  that  they  repre- 
sent the  beginnings  of  language.  These  modes  of  conveying  ideas  have 
received  mnch  attention  by  collaborators  of  the  Bnrean,  notably  Col. 
Garrick  Mallery.  An  elaborate  memoir  on  the  "Picture  writing  of  the 
American  Indians"  is  incorporated  in  the  tenth  annual  report  of  the 
Bureau.  This  memoir  is  a  practically  exhaustive  monograph  on  the 
subject  to  which  it  relates;  the  illustrations,  which  number  nearly 
fourteen  hundred,  represent  the  aboriginal  picture  writing  of  all  por- 
tions of  the  country  with  fidelity,  while  the  meanings  of  the  glyphs  are 
interpreted  and  discussed  in  detail  in  the  text.  A  large  body  of 
material  relating  to  the  sign  language  of  the  aborigines  has  been  col- 
lected, and  dnriDg  the  year  progress  was  made  in  arranging  this 
material  for  pablioatiou.  In  no  other  part  of  the  world  have  the  oppor- 
tunities for  collecting  detail^  information  concerning  primitive  modes 
of  expression  been  so  favorable  as  in  North  America;  and  it  is  thought 
that  these  reports  prepared  by  collaborators  of  the  Bureau,  will  serve 
atonceas  a  record  of  past  and  passing  races  and  a  basis  for  philological 
researches  in  other  countries. 

The  spoken  languages  of  various  tribes  of  Indians  were  studied  and 
recorded.  One  of  the  most  extensive  aboriginal  linguistic  families  was 
the  Siouan,  including  the  Indians  of  the  nortjiern  plains  &om  the  Bocky 
Mountains  to  the  Mississippi,  and  from  the  Saskatchewan  nearly  to  the 
Bed  Biver  of  the  South.  One  of  the  pubUcations  of  the  year  was  a 
"Dakota-English  Dictionary,"  in  which  the  languageof  the  best-known 
division  of  the  Siouau  family  is  made  accessible  to  stadents,  this  work, 
begun  by  the  late  Dr.  Riggs,  being  completed  by  Mr.  J.  Owen  Dorsey, 
a  linguist  especially  familiar  with  the  languages  of  this  stock.  The 
dictionary  forms  a  quarto  volume  of  nearly  seven  hundred  pages.  The 
language  of  the  Biloxi  Indians  of  Louisiana  was  also  investigated  during 
the  year  by  Mr.  Dorsey;  Dr.  Oatschet  made  a  detailed  stady  of  the 
Peoria,  Shawnee,  Arapaho,  and  Cheyenne  languages  in  Indian  Terri- 
tory, the  work  on  the  Peoria  being  complete  with  respect  to  both 
vocabulary  and  grammar. 

The  Iroqnoian  languages  also  were  the  subject  of  study  by  Mr.  J.  N. 
B.  Hewitt.  Unwritten  language  is  one  of  the  most  evanescent  of  human 
characters;  already  the  languages  of  many  of  our  native  tribes  have 
entirely  disappeared,  save  for  a  few  greatly  modified  terms  preserved 

as  geographic  names;  and  it  sp" -ially  important  to  record  the 

rapidly  changing  native  lanj  Hr  remaining.     Some  of  the 

vocabolaries  and  grammars  «  Bureau  were  derived  trom 

half  a  dozen  or  fewer  indivit  represent  their  tribe;  in 

<Hi«  case  (the  Chinooken)  tb  preserved  Uiroogh  infor- 
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ination  obtainod  from  the  last  represeatative  of  his  people.  A  large 
part  of  the  pablicatioas  of  the  Bureau  relate  to  aboriginal  languages; 
yet  the  more  or  leas  firagmentary  material,  incomplete  but  constantly 
growing,  relating  to  this  subject  is  still  more  volamiaous ;  and  students 
of  lingaistics  throughout  the  world  are  to  be  congratulated  on  the 
existence  of  this  rich  storehouse  of  material  collected  through  tbe  labors 
of  the  Smithsonian  Institution  and  of  the  Bureaa  of  Ethnology. 

In  addition  to  the  researches  in  field  and  office  several  collaborators 
of  the  Bureau  were  employed  during  the  closing  months  of  the  year  in 
preparing  an  ethnologic  exhioit  for  the  World's  Columbian  Exposition 
at  Chicago.  This  exhibit  was  completed  and  installed  duly;  and  it  is 
a  source  of  gratification  to  be  able  to  say  that  it  proves  constautly 
attractive  to  visitors,  and  it  is  believed  to  have  been  also  highly 
instmctive. 

The  details  of  the  work  of  the  Bureaa  are  set  forth  in  the  report  of 
the  Director,  Mt^.  J.  W.  Powell,  which  forms  the  accompanying  Appen- 
dix II. 

SMITHSONIAN  INTERNATIONAL  EXCHANGE  SERVICE. 

The  International  Exchange  Service  has  always  been  intimately 
connected  with  the  parent  institntion,  which  has  until  lately  aided  it 
largely  from  its  private  funds,  and  which  still  aids  it  by  giving  it  rooms 
rent  f^ee  and  in  other  ways. 

It  may  be  said  to  be  at  present  upon  as  satisfactory  a  basis  as  it  seems 
possible  to  place  it  with  theappropriations  that  are  now  made  by  Congress. 

As  an  illostration  of  the  extent  of  this  special  part  of  the  Institution's 
activities,  it  may  be  stated  that  it  has  now  about  24,000  active  corre- 
spondents, of  whom  11,000  are  in  Europe,  200  in  Africa,  500  in  Australia, 
and  about  9,000  in  the  various  countries  of  the  Western  Hemisphere. 
In  the  course  of  Ihis  work  tbe  Institution  has  gathered  at  Washington 
an  immense  collection  of  books,  found  nowhere  else  to  so  great  an 
extent,  bearing  chiefly  upon  discovery  and  invention,  which, with  others, 
now  occupy  nearly  300,000  titles.  These  are  deposited  temporarily  with 
the  National  Library  at  the  Capitol. 

The  details  of  the  operations  of  the  service  are  to  be  found  in  the 
curator's  report  appended.  Improvements  in  the  service  are  needed  in 
an  increase  in  the  clerical  force  for  office  work,  or  rather  a  return  to  the 
number  employed  in  1891-'92.  There  is  need  also  for  securing  a  more 
prompt  dispatch  and  distribution  of  packages  abroad,  which  can  only 
be  brought  about  by  an  increase  qf  appropriation. 

The  United  StateiS  Oovenimeut  is  under  treaty  obligation  to  maintain 
an  exchange  service  with  ten  foreign  countries,  and  with  France,  Eng- 
land, and  Qermany  aspecial  exchange  arrangement  is  in  existence.  In 
the  two  latter  countries,  where  there  are  paid  agents  of  the  Institution, 
and  in  other  countries  where  official  exchange  bureaus  have  been  estab- 
lished the  transmission  of  publicatious,  while  somewhat  slow,  is  gene- 
rally efficient.    In  other  cases,  however,  the  present  arrangement  is  by 
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no  ineaoB  satisfactory,  and  it  seems  desirable,  either  throngli  diplomatic 
channels  or  through  a  special  represeiitutive  of  the  Institution  sent 
abroad,  to  secare  the  interest  and  cooperation  of  the  foreign  goveru- 
meuts  and  the  learned  societies  where  no  official  exchange  boreaa  has 
been  established. 

The  greater  part  of  the  expense  of  the  service  is  now  met  by  direct 
appropriation  for  the  purpose  by  Congress  to  the  Smithsoniaa  Instita- 
tion.  A  part  of  the  expense  is  also  met  by  appropriations  to  different 
Government  bureaus  from  their  contingent  fiinds,  the  Begeuts  of  the 
Institution  having  decided  to  make  a  charge  to  all  Government  bureaus 
of  5  cents  per  prtund  weight  for  the  transmission  of  their  pablicatioos 
or  for  the  publications  received  for  them  from  abroad. 

Special  acknowledgments  are  dae  to  the  Treasury  Department  for 
designating  one  of  its  officers  at  the  Xew  York  custom-houae  to  receive 
and  transmit  to  Washington  the  international  exchange  cases  addressed 
to  the  Institution,  and  I  may  in  this  coupectiou  again  quote  the  remark 
made  by  Prof.  Henry  in  his  report  for  1854 1 

There  is,  therefore,  no  port  to  which  the  Smithsonian  packages  are 
shippHl  where  duties  are  charged  on  them,  a  certified  invoice  of  con- 
ten  ts  by  the  Secretary  being  sufficient  to  pass  them  through  the  cnstom- 
houHe  free  of  duty.  On  the  other  hand,  all  packages  addressed  to  the 
Institution  arriving  at  the  ports  of  the  United  States  are  admitted 
without  detention,  duty  free. 

By  referring  to  the  report  of  the  curator,  in  the  appendix,  it  will  be 
seen  that  over  100  tons  of  books  passed  through  the  exchange  office 
dnriugtheflscalyearlS92-'d3,  and  while  the  service  is  used  almostexcln- 
sively  for  the  transmission  of  printed  matter  of  a  scientific  nature,  nat- 
ural history  specimens,  having  no  commercial  value,  are  occasionally 
transmitted  under  special  permission,  when  they  can  not  be  conveniently 
forwarded  by  the  ordinary  means  of  conveyance. 

The  expenditures  for  the  year  have  been  $18,518.25,  of  which  $17,000 
were  appropriated  by  Congress,  ^11,396,64  were  paid  by  Government 
bureaus,  $87.35  by  State  institutions  and  others,  leaving  a  deficiency 
of  $34.26. 

The  amount  estimated  for  the  exchange  bureau  for  the  year  1893-*94 
was  $23,000,  a  sum  which  it  was  hoped  would  render  it  unnecessary  to 
call  upon  the  different  Government  Departments  for  a  part  of  the 
expense  attending  the  transmission  of  their  publications,  and  would 
also  render  it  possible  to  put  into  effect  a  second  treaty  entered  into  by 
the  United  States  and  other  countries  at  the  same  time  as  the  treaty 
referred  to  above,  by  which  each  country  undertook  to  distribute  its 
parliamentary  proceeding's  immediately  when  issued.  On  account  of  a 
lack  of  appropriations  for  this  purpose  no  action  has  yet  been  taken  by 
the  United  States  for  carrying  out  this  '"'  "ment. 

In  my  report  for  1890  I  stated  that  tl  expended  from  the 

mithsonian  fund  for  the  BnpiH)rt  of  ^1  exchange  sys- 

tn,  in  the  interestii  and  by  the  anthoi  nai  Govemmeat, 
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$38,141.01  in  excess  of  appropriations,  advanced  froio  Jannary  1, 1868. 
to  June  30, 1886,  for  the  bxchange  of  official  Government  docnmenta, 
and  $7,034.81  in  excess  of  appropriations  from  July  1, 1886,  to  June  30. 
1889,  advanced  for  the  purpose  of  carrying  out  a  convention  entered 
into  by  the  United  States,  or  an  aggregate  of  $45,175.82,  which  has 
been  paid  from  the  private  fund  of  Jamea  Smithson,  for  purely  govern- 
mental expenses.    Tliin  has  still  to  be  reimbursed  to  the  Institution. 

A  memorandum  in  regard  to  the  matter  was  duly  transmitted  to  a 
member  of  the  Board  of  Regents,  in  the  House  of  Representatives,  for 
tlie  purpose  of  taking  the  necessary  steps  to  procure  a  return  by  Con- 
gress to  the  Smithsonian  fund  of  this  last-mentioned  sum,  namely, 
$45,175,82,  but  I  am  not  aware  that  action  has  been  taken  upon  it. 

NATIONAL  ZOOLOGICAL  PARK. 

It  should  always  be  remembered  that  the  establishment*  of  the 
National  Zoological  Park  resulted  largely  from  a  desire  to  keep  from 
extinction  species  of  American  animals,  several  of  which  are  now 
upon  the  point  of  vanishing  from  the  face  of  the  earth,  aud  will  vanish 
forever  if  something  is  not  done  at  once  to  preserve  them. 

The  paramount  need  of  preserving  these  races  by  immediate  legis- 
lative action,  if  they  are  to  be  preserved  at  all,  the  great  and  con- 
stantly increasing  difficulty  of  obtaining  specimens  of  some  of  tbero, 
the  little  that  is  known  of  their  habits,  and  the  impossibility  of  ever 
learning  more,  unless  some  imniediiite  measures  are  taken  to  make 
careAil  observation  possible,  render  it  exceedingly  desirable  that  such 
measures  should  be  taken  officially,  and  no  more  econonucal  or  effective 
plan  could  be  devised  than  thatof  providing  a  moderate  extent  of  land, 
near  the  seat  of  Government,  duly  protected  and  guarded,  where  such 
animals  as  could  be  secured  might  be  kept  in  a  state  as  near  as  pos- 
sible to  that  to  which  they  had  been  accustomed,  aud  under  condi- 
tions where  they  might  be  expected  to  breed,  and  continue  their  spe- 
cies, as  they  are  known  not  to  do  in  ordinary  menageries. 

It  was  not  indeed  thought  that  any  efficient  check  could  be  given 
to  the  final  extinction  of  these  animals  solely  by  such  a  limi'.>3d  num- 
ber as  could  be  thus  preserved,  bnt  it  was  considered  that  .<!aeir  pres- 
ence here  at  the  Capital  would  be  not  only  useful  as  regarded  the  num- 
ber saved,  but  as  a  constant  object  lesson,  under  the  eyes  of  the  leg- 
islature, and  in  this  way,  a  most  important  adjunct  to  the  larger  reser- 
vations like  the  Yellowstone  Park ;  while  it  was  evident  that  oppor- 
tunity could  thus  be  afforded  to  study  aud  observe  their  habits  and 
characteristics,  where  they  were  under  the  eyes  of  the  numerous  natu- 
ralists iu  the  Government  service,  in  a  more  satisfactory  manner  than 
.  would  be  possible  in  a  remote  wilderness. 

The  act  providing  for  the  purcliase  and  creation  of  the  National 
Zoological  Park    introduced  also  a  subordinate  feature,  that  of  the 

'afertinee  may  be  made  to  the  foUuwiug  pages  i: 
moiiian  Inatitutiou:  Report,  for  1888,  p.  42;  lor  1^ 
try's  Report  for  1891,  p.  21,  and  1892,  p.  28. 
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reerastion  of  the  people,  bot  by  placing  ooe-half  of  the  expense  of 
purchase  and  mainteiiance  upon  the  taxpayers  of  the  District.  Con- 
gress in  &ct,  thoagh  presnmably  not  in  intent,  made  this  subordinate 
feature  predominant  in  a  plan  whose  inception  arose  in  a  simpler  and 
won  utilitarian  idea. 

Tbiii  predominance  arose  from  the  natural  wish  of  the  local  taxpayer 
tu  receive  entertainment  for  his  money  and  not  to  spend  it  for  objects 
of  remote  and  national  importance.  This  demand  must  be  admitted  to 
have  been  bat  reasonable,  from  the  point  of  Yiew  of  residents  of  the 
District,  and  it  made  itself  felt  through  Congress  in  many  ways,  if  not 
through  the  terms  of  formal  legislation. 

Those  to  whom  was  delegated  the  power  of  carrying  out  the  man- 
dates of  Congress  were  thus  confronted  by  a  different  task  from  that 
originally  contemplated :  by  one  in  some  way  not  consonuit  with  it,  and 
by  a  ikr  more  espensive  one.  In  place,  for  instance,  of  the  large  inex- 
pensive paddocks  for  inclosing  iuid  sheltering  the  animals  nnder  the 
conditions  of  wild  life,  and  secluding  them  with  the  aimof  enabling  them 
to  increase  in  the  ondisturbed  retirement  necessary,  must  be  substi- 
nted  comparatively  expensive  buildings,  with  the  opposite  aim  of  exhib- 
itiiigthe  animals  obtained.  A  system  of  road  ways  that  sboold  afford  the 
public  access  to  all  parts  of  the  park  where  animals  are  kept  had  to  be 
devised,  and  in  ways  too  numerous  for  detail  the  necessity  was  imposed 
of  forming  the  Kadoual  Zoological  Park  more  on  the  model  of  an  ordi- 
inary  zoological  garden  than  of  the  first  large  and  sim  pie  idea. 

It  was  impossible  to  do  this  within  the  sum  calculated  to  carry  ont 
the  original  plans,  but  no  more  has  been  granted.  What  has  been 
done  has  been  done,  then,  incompletely,  though  with  an  extremely 
economical  expenditure,  and  it  is  perhaps  a  matter  of  congratulation 
that  it  has  been  possible  to  do  so  much  with  so  limited  an  amount. 

The  appropriation  made  for  the  National  Zoological  Park  by  the  sau- 
dry  civil  bill  passed  August  5,  1892,  was  in  the  following  terms: 

For  continuing  the  construction  of  roads,  walks,  bridges,  water 
supply,  sewerage  and  drainage,  and  for  grading,  planting,  and  other- 
wise improving  the  grounds,  erecting  and  repairing  buildings  and 
■nclosnres  for  thu  aniinuls,  and  for  administrative  imrposes,  care,  sub- 
sistence, and  transportation  of  animals,  including  salaries  and  compen- 
sation of  all  necessary  outployi^s,  and  general  incidental  expenses  not 
otherwise  provided  for,  fltty  thousand  dollars,  one-half  of  which  snm 
shall  be  paid  from  the  revenues  of  the  District  of  Colombia  and  the 
other  hsdf  from  the  Treasury  of  the  ITnited  States;  and  a  report  in 
detail  of  the  expenses  of  the  National  Zoological  Park  shall  be  made 
to  Congress  at  the  beginning  of  each  regular  session. 

The  previous  year  had  fully  dcmoiistratcil  that  the  park  successfully 
fiilfllled  one  of  the  puriH>scH  for  which  it  was  created — that  of  the 
** instruction  and  ni<iroation  of  the  jtoople."  After  having  done  all  that 
'ay  in  my  power  for  the  promotion  of  the  primary  objects  of  the  park* 

*  A  ftill  RtaU'iniiiit  tit  lliii  iiiiiiiliur  mill  rondition  of  those  animals  will  lie  fouud  in 
o  rnport  of  tlio  krtiii)[  niriiiftKrr.  '"  ■  *"  '  "  "iatcil  liere,  however,  that  indigenons 
lid  aulmolii  I'ouatlliiM  at  |>rii«'  t.y  of  the  whole 
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it  became  necessary  to  further,  as  far  as  possible,  and  in  the  same  con- 
nection, the  recreation  of  the  public.  To  tliis  end,  and  to  that  of  con- 
venience and  safety,  the  roadways  have  been  widened  and  extended, 
footways  have  been  placed  on  the  bridge,  the  access  to  the  principal 
animai  bouse  and  to  the  principal  outdoor  cages  has  be«n  improved, 
and  all  iuclosnres  considered  unsafe  have  been  properly  strengthened 
or  defended. 

Since  the  Bock  Greek  electric  railway  has  been  in  operation  many 
passengers  by  that  route  enter  tbe  park  by  the  western  entrance  upon 
Connecticut  avenue  extended.  More  tbau  S,000  persons  have  Home- 
times  entered  here  during  a  single  day.  This  has  made  it  necessary  to 
extend  the  main  road  through  the  park  to  that  entrance,  which  has 
been  done  on  the  lines  indicated  by  Mr.  F.  L.  Olmsted,  and  gives  a 
driveway  through  tbe  most  beautiful  part  of  the  park.  The  funds  at 
tbe  disposal  of  the  park  were  insufficient  to  complete  this  road  in  a 
permanent  manner.  As  soon  as  practicable  it  should  be  macadamized 
and  made  equal  to  the  suburban  roads  with  which  it  communicates. 

It  is  necessary  to  emphasize  the  fact  th»t  the  number  of  visitors  to 
the  park  po  far  exceeds  all  the  earlier  calculations  that  anexpocted 
outlays  have  become  necessary.  A  wider  sidewalk  of  a  permanent 
character  is  neetled  from  the  Quarry  road  entrance  to  that  at  Connec- 
ticut avenue.  A  temporary  wooden  walk  has  been  placed  to  the  ani- 
mal house  from  tbe  first-named  point,  but  is  far  too  narrow  for  the 
crowds  entering  there  every  Sunday  and  holiday,  while  no  sidewalk 
exists  from  tbe  western  entrance  of  tbe  park. 

Tbe  bridge  near  tbe  Quarry  road  entrance  has  proved  quite  insuf- 
ficient for  the  crowds  of  carriages  and  foot  passengers  that  throng  it 
upon  every  holiday.  It  was  and  still  is  greatly  to  be  regretted  that 
under  the  actual  appropriations  a  larger  and  more  tasteful  structure 
could  not  have  been  built  at  this  point;  it  was  erected  uuder  tbe  neces- 
sity of  getting  visitors  across  the  river  in  some  way,  and  is  in  a  form 
entirely  unsatisfactory  to  those  who,  under  such  necessity,  designed  it. 
Some  relief  has  been  given  during  the  year  by  tbe  addition  of  narrow 
footways  on  either  side  of  the  driveway.  These  are  quite  too  narrow, 
but  are  all  that  the  prcaent  structure  will  allow  compatible  with  safety. 
It  may  be  found  necessary  to  build  a  footbridge  at  a  point  higher  up 
the  stream  to  somewhat  relieve  tbe  pressure  at  this  point. 

The  addition  to  tbe  principal  animal  house  mentioned  in  last  year's 
report  has  been  completed  and  fully  occupied.  It  is  merely  a  frame 
shed  built  in  as  cheap  a  manner  as  is  consistent  with  safety,  and 
warmth,  and  it  appears  incongruous  when  compared  with  tbe  solid  stone 
structure  of  which  it  forms  an  annex.  The  original  design  of  con- 
structing this  entire  building  of  stone  should  not  be  abandoned.  It  is 
already  found  to  be  iasufficient  for  tbe  needs  of  tbe  park,  and  must  at 
no  distant  day  be  further  extended.  It  will  be  necessary  hereafter  to 
bear  in  mind  that  the  cages  for  animals  must  be  larger  and  confined 
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asnally  to  bat  one  side  of  the  building.  The  throngs  of  visitors  are 
now  sometimes  so  great  that  it  is  impossible  for  them  to  view  the 
animals  properly  when  the  cage»  are  small  and  scattered  along  both 
sides  of  a  passageway. 

The  lack  of  any  provision  for  the  purchase  of  animals  has  worked 
serions  disadvantage  to  the  collection.  Under  the  most  favorable  cir- 
camstances  the  mortality  in  a  coUectiou  of  animals  confined  under 
unnatural  conditions  is  very  great,  and  constant  additions  must  be 
made  if  its  scientific  value  ia  to  be  maintained.  The  park  has  for  the 
last  year  been  forced  to  depend  upon  gifts,  loans,  and  collections  sent 
from  the  Yellowstone  Park.  Gifts  have  been  rare  and  mostly  insig- 
nificant. The  animals  collected  at  the  Yellowstone  Park  by  direction 
of  the  honorable  the  Secretary  of  the  Interior  have,  while  important 
and  valuable,  cost  more  for  transportation  alone  than  similar  animals 
would  have  cost  if  purchased  of  dealers  and  safely  delivered  at  their 
expense.  Various  other  schemes  of  collection  have  been  tried,  all  of 
which  have  proved  more  expensive  than  purchase  would  have  been. 
It  is  hoped  that  in  time,  as  the  National  Zoological  Park  becomes 
more  widely  known,  the  same  advantages  of  cheap  purchase  will  be 
oBered  to  it  as  are  now  ma«1e  use  of  by  dealers;  that  is,  that  the  ani- 
mals brought  in  by  sailors  or  captured  by  hunters  will  be  sent  to  it  at 
low  prices.  Even  now  such  offers  are  frequently  made,  though  they 
are  necessarily  refused,  as  the  appropriation  does  not  allow  any  pur- 
chases. 

Experieuce  has  shown  that  there  should  be  provision  made  for  a  res- 
ident superintendent.  At  present  the  entire  park  and  animals  are  left 
at  night  in  charge  of  watchmen  only.  If  any  exigency  arises  it  must 
wait  for  morning  to  bring  relief.  Tlie  isolation  of  the  buildings  hous- 
ing Mie  animals,  and  the  distance  of  the  park  from  town,  make  it  the 
more  necessary  that  there  should  always  be  at  hand,  within  call,  some 
person  of  authority  to  direct  in  case  direction  is  needed.  For  this  the 
Holt  house  may  be  made  available.  It  is  in  a  part  of  the  park  reserved 
for  administrative  purposes,  and  a  portion  of  it  now  accommodates  the 
office.  With  a  small  outlay  it  could  be  made  a  suitable  dwelling.  The 
advantages  of  such  an  arrungenient  are  too  obvious  to  be  recounted, 
and  the  effect  upon  the  einployt^'s  of  the  constant  presence  of  the  super- 
intendent would  be  very  beoellcial. 

The  number  of  animals  at  present  in  the  park  is  illH.  Of  these  322 
are  native  and  182  foreign.  In  the  appendix  to  this  report  tables  are 
given  showing  the  accessions  in  detail. 

ABTEOPnYSICAL  OBSERVATORY. 

In  my  report  for  1890-'91  reference  was  made  to  the  circnmstances 
which  led  to  tlie  establishment  of  the  astro-physical  observatory,  and 
in  that  of  last  year  1  gave  a  brief  description  of  the  general  object  and 
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acope  of  SQch  an  establishment,  tonchiDg  upon  some  of  the  essential 
features  of  the  work  which  had  been  undertaken  under  my  direction. 

An  explicit  description  of  the  specially  important  investigatioo  which 
has  been  contioned  daring  the  last  year,  and  which  is  now  drawing  to 
a  completioD,  cau  not  so  well  be  given  here  as  in  a  later  portion  of 
the  report  to  which  the  reader  is  referred,  but  the  general  object 
of  the  immediate  work  is,  as  has  already  been  stated,  the  detailed 
investigation  of  that  great  spectral  region,  still  nearly  unknown,  where 
yet  the  greater  portion  of  the  solar  energy  is  known  to  be  displayed ; 
or,  in  other  i7ords,  of  that  invisible  portion  of  the  solar  spectrmn  which 
lies  beyond  the  limit  of  the  red. 

That  the  solar  spectrum  did  not  cease  at  the  limit  of  visibility  has 
long  been  known,  and  the  attention  of  many  distinguished  physicists 
has  been  directed  to  the  investigation  of  this  invisible  part,  whose 
presence  is  manifest  neither  to  the  eye  nor  to  any  ordinary  process  of 
photography,  but  which  nevertheless  comprises  more  than  three-fourths 
of  the  energy  which  the  sun  sends  to  ns.  Were  the  range  of  the  human 
eye  vastly  extended  so  as  to  enable  as  to  receive  impressions  corre- 
sponding in  character  to  the  kind  of  energy  which  is  present  in  this 
infra-red  region  we  should  see  in  it  phenomena  of  precisely  the  same 
character  as  we  now  see  in  the  limited  spectral  region  to  which  we  are 
physiologically  limited.  It  was  probably  this  idea  which  led  Melloni 
to  the  use  of  the  term  "  heat  color "  to  convey  to  the  mind  some  idea 
of  this  similarity  between  the  invisible  and  the  ordinary  visible  spec- 
troni,  and  this  term  expresses  by  the  force  of  association  the  charac- 
teristics distinguishing  one  portion  of  this  region  from  another,  char- 
acteristics which,  although  anrecognized  by  the  eye  or  by  any  of  onr 
senses  directly,  are  yet  more  striking  in  their  various  physical  results 
than  the  various  colors  which  mark  out  to  the  eye  the  great  divisions 
of  the  visible  spectrum. 

The  invisible  spectrnm,  then,  is  marked  by  narrow  bands  or  lines, 
which  are  almost  entirely  devoid  of  energy,  qait«  like  those  which  appear 
iu  the  visible  spectrum  as  black  lines  and  are  known  as  the  "  Frauenhofer 
lines."  It  is  to  the  stndy  of  these  Frauenhofer  lines  of  the  visible  spec- 
trum, that  we  owe  nearly  all  those  recent  advances  which  have  not  only 
given  us  definite  infurmatiou  as  regards  the  constitution  and  nature  of 
the  heavenly  bodies,  but  have  been  of  immense  advantage  in  the  study 
of  meteorological  and  atmospheric  phenomena  on  the  earth.  The  prac- 
tical importance  of  the  study  of  the  character  of  these  lines  in  the  invis- 
ible spectrum  (wliere  their  intensity  and  probably  their  number  is  far 
greater  than  in  the  visible)  then  is  e\ident. 

Here,  however,  all  ordinary  methods  of  spectroscopic  investigation 
fail ;  but  long  since  the  writer  devised  a  method  which  has  in  the  course 
of  the  last  two  years  been  perfected  to  such  a  degree  as  to  enable  us 
to  search  out  the  linos  in  this  invisible  sjiectrum  and  to  map  them  with 
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a  degree  of  accuracy  only  inferior  to  that  wbicti  can  be  attained  by  the 
eye. 

Tbeinstrumeutby  wbicb  this  is  accomplished  ie  the  bolometer,  which, 
as  DOW  constntcted,  is  a  minute  strip  of  metat  barely  ^^  of  aa  inch 
wide,  and  less  than  ttjV?  of  an  inch  thick.  Through  this  frail  thread 
of  metal  a  current  of  eleciricity  is  continnally  kept  flowing.  When 
the  spectrum,  visible  or  invisible,  is  thrown  upon  it,  the  thread  is 
warmed  and  the  current  decreased  by  an  amount  correspoiiding  to 
the  intensity  of  the  effeet  received,  while  novel  instruments  specially 
mounted  and  constructed,  are  in  electric  connection  with  the  thread  and 
now  automatically  record  every  minute  change  in  this  current. 

With  late  improvements  these  instruments  are  so  delicate  that  a 
change  of  temperature  of  one  millionth  of  a  degree  is  readily  detected 
ud  even  measured,  and  it  is  easy  to  see  that  as  a  consequence  of  this 
delicacy  the  greatest  care  must  betaken  in  their  use.  Thus  the  labora- 
tory must  be  almost  completely  darkened,  and  closed  tightly,  so  as  to 
exclude  all  drafts  and  to  keep  it  at  as  nearly  a  uniform  temperature 
as  possible,  while  for  other  reasons  it  must  be  kept  under  constant 
hygrometric  conditions. 

The  passage  of  wagons  or  carriages  in  the  neighboring  streets  even 
is  liable  to  cause  serious  trouble.  Uonce,  the  necessity  for  as  complete 
isolation  of  the  laboratory  as  possible,  and  the  rigorous  exclusion  at 
all  times  of  all  whose  presence  is  not  indispensable. 

In  addition  to  these  difficulties  there  are  others  of  specially  trying 
character  due  to  the  nature  of  the  work. 

To  maintain  other  necessary  conditions,  the  opening  of  a  door  or 
window  for  purposes  of  ventilation  is  forbidden,  even  in  summer, 
although  the  temperature  sometunes  rises  to  100°  and  even  110°,  ren- 
dering the  work  of  observing  in  the  small,  non- ventilated  and  darkened 
room  very  trying  to  the  health  of  the  observer.  Frequent  changes  in 
the  staff  of  the  Observatory  have  been  necessary  for  this  and  other 
reasons,  and  the  progress  of  the  work  has  been  delayed  in  oonsequence. 
In  spite  of  these  and  other  difficulties,  most  of  which  are  due  to  the 
very  temporary  and  inefficient  nature  of  the  small  wooden  building 
in  which  the  work  is  carried  oil,  and  its  proximity  to  the  traffic-laden 
streets,  the  expectations  of  last  year  have  been  largely  reaUzed,  and 
a  detailed  publication  of  the  work  accompanied  by  charts  showing 
several  hundred  new  and  before  unknown  lines,  will  shortly  be  issued. 

Important  as  the-se  results  are,  they  are  bat  the  beginning  of  what 
it  may  be  hoped  will  be  accomplished,  'with  proper  facilities. 

In  view  of  what  has  been  already  accomplished,  I  hope  that  Con- 
gress will  see  fit  to  make  provision  for  the  needs  of  the  Astro-phys- 
ical Observatory  in  the  provision  of  a  suitable  site,  the  money  for 
a  small  permanent  building  being  already  available  through  the  pro- 
visions made  by  friends  of  the  Institution  whose  contributions  for  this 
purpose  have  already  been  acknowledgctl. 
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NECEOLOGY. 

BANDAIX  LEE  QIBSOH. 

Randall  Lee  Gibson  was  born  at  Spring  Hill  near  VersailleB,  Ky,, 
September  10,  1832;  waa  ediic»ted  in  Lexington,  Ky.;  in  Terre  Boone 
Parish,  La.;  at  Yale  College,  and  in  the  law  department  of  the  Tulane 
Uaiversity  of  Lonisiann.  During  the  civil  war  he  commanded  a  com- 
pany, regiment,  brigade,  and  division  in  the  Confederate  army.  He  was 
a  representative  iu  the  Forty-fourth,  Forty-flftb,  Forty-sixth,  and  Forty- 
seventh  Congress,  and  was  elected  to  the  Senate  in  18S3,  and  his  sec- 
ond term  as  Senator  wonld  have  expired  on  March  3, 189G. 

Senator  Gibson  was  appointed  a  Regent  of  the  Smithsonian  Institu- 
tion December  Id,  1887,  and  was  reappointed  March  28, 1889,  filling  the 
office  till  his  death,  on  December  15,  1802.  His  services  as  a  Regent 
were  warmly  recognized  in  the  memorial  and  resolutions  presented  at 
the  meeting  of  the  Board  on  January  25,  1893. 

Senator  Gibson  brought  to  the  performance  of  his  duties  as  liegent  a 
rare  preparation  as  student,  scholar,  and  statesman.  Wlfh  inherited 
talents  for  oratory,  and  with  strong  literary  tendencies,  he  was  sur- 
rounded in  yonth  by  all  the  influences  that  direct  the  energies  of  a  man 
to  the  public  welfare.  At  Yale  College  he  took  a  very  prominent  stand 
in  a  group  noted  for  talent  and  enthusiasm.  Foreign  travel,  the  study 
of  law,  the  life  of  a  planter,  a  distinguished  military  career,  and  long 
service  in  the  Congress  of  the  United  States,  filled  his  capacious  mind 
with  a  store  of  a  rich  and  varied  experience,  and  trained  him  for  the 
highest  duties.  Life  was  to  him  a  consecration  to  public  duty,  and  the 
performance  of  that  duty  his  highest  felicity.  Benevolent,  brave, 
patient,  prudent,  faithful,  his  grace  and  gentleness  were  the  rich 
dra(>ery  of  an  indexible  will  and  tenacious  purpose. 

He  came  to  the  Smithsonian  Institution  as  a  servant  animated  by  the 
fullest  sense  of  his  responsibilities  and  self  pledged  to  a  rigid  perform- 
ance of  them.  His  interest  in  the  Institution  has  been  limited  only  by 
the  conditions  of  his  position.  His  di^ath,  which  occurred  at  Hot 
Springs,  Ark.,  on  December  15, 1892,  is'  a  loss  to  his  State  and  his 
country,  in  whose  councils  he  has  served  for  eighteen  years. 

THOMAS  6EOBGB  BODGKINS. 

Thomas  George  Hodgkina  was  born  in  England  in  1803,  and  his 
early  boyhood  was  spent  there.  When  about  17  years  of  age,  led  by 
a  youth's  love  of  adventure,  as  well  as  by  the  desire  to  aid  his  family, 
then  in  somewhat  reduced  circumstances,  he  shipped  on  one  of  the 
East  India  Company's  vessels,  and  made  a  voyage  to  the  farther  eaat, 
where  he  narrowly  escaped  death  by  shipwreck.  Consequent  upon 
this  misadventure,  came  confinement  in  a  hospital  in  Calcutta  for  son* 
months.  During  this  period  of  enforced  quiet  and  physical  inact'*' 
he  formed  the  resolve  that  bis  life,  if  sparetl,  should  hencofijirt"  i 
devoted  to  advancing  the  welfore  of  his  tellow  men.  '        o 
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After  recovery  he  retariied  to  Eugland,  There  he  married.  A  few 
years  later  he  came  to  the  United  States,  and  iu  1830  established  him- 
self as  a  manafactnrer  in  New  York  City,  Such  savcess  attended  his 
business  ventures  that  in  IST)?  he  withdrew  from  active  pnrsnits  and 
retiinie<l  to  Europe,  where  he  traveled  for  some  years.  Hia  heart, 
however,  )e<l  him  again  to  thi»  coautry,  which  he  had  chosen  as  the 
home  of  his  early  manhood,  and  which  ho  now  made  the  abidiog  place 
of  his  mature  yearrt.  Iu  1S73  he  bought  a  country  place  near  the  vil- 
lage of  Setauket,  on  Loug  iHlaud,  which  he  named  "Brambletye 
Farm,"  and  which  became  his  home  for  the  remainder  of  his  life. 

Those  who  had  the  jtrivilege  of  a  personal  acquaintance  with  Mr. 
Bodgkios  saw  in  him  not  only  a  man  of  uoasiial  judgment  iu  business 
affairs,  of  broad  and  far-reaching  philantfatopy,  and  of  deep  sincerity 
in  his  porpose  to  benefit  his  fellow-creatures,  but  they  were  stmck  by 
the  breadth  of  his  views  as  expressed  in  connection  with  subjects  gen- 
erally held  to  pertaiu  more  exclusively  to  purely  scientific  research, 
every  domain  of  which  he  gladly  sought  to  make  contributory  to  his 
earnest  desire  to  benefit  mankind. 

His  life  was  simple  and  his  wants  but  few,  and  requiring  only  a  smalt 
portion  of  the  product))  of  the  home  farm  for  his  own  use,  he  pursued 
his  long-established  habit  of  systematic  benevolence  by  giving  the 
remainder  to  those  around  him. 

Fulfilling  also  the  purpose,  formed  long  years  before,  to  fiirther  the 
good  of  mankind  by  all  means  at  his  command,  he  devoted  the  greater 
part  of  hia  large  fortune  to  various  benevolent  objects,  reserving  bat  a 
comparatively  small  sum  for  his  own  support. 

His  sympathy  for  the  helpless  and  weiik  led  him  to  contribnte  largely 
to  the  American  Society  for  the  Prevention  .of  Cruelty  to  Children,  and 
to  the  American  Society  for  the  Prevention  of  Cruelty  to  Animals.  He 
gave  $100,000  to  the  Itoyal  Institution  of  Great  Britain  and  $200,000  to 
the  Smithsonian  Institution,  stipulating  that  while  the  latter  sum 
should  be  included  with  the  original  Smithson  Foundation,  that  the 
income  from  one-half  of  it  should  be  devoted  to  researches  and  inves- 
tigations on  atmoapheric  air  in  connection  with  the  welfare  of  man. 

The  death  of  Mr.  Hodgkins  occurred  at  his  home  in  Setauket  on  the 
25th  of  November,  1892,  Those  whose  duty  it  ia  to  carry  out  the  plans 
and  to  administer  the  tmat  laid  upon  them  by  the  bequest  of  this  man, 
whoso  airoply  and  earnestly  determined  to  make  the  world  better  by  his 
life,  are  glad  to  know  that  he  had  the  satisfaction  of  living  to  see,  and 
to  approve  the  initiatory  steps  taken  in  administering  the  Hodgkius 
fond  of  the  Smithsonian  Institution.  A  biography  of  him,  in  some 
respects  fuller  and  more  personal,  will  be  found  in  the  minutes  of  the 
Board  of  Regents  for  the  present  year. 
Bespectfolly  submitted, 

8.  P,  Lamgley, 
Secretary  of  the  Smithsonian  Inatitution. 
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THE  NATIONAL  MUSEUM. 

Thedet«iledr«port  of  the  Assistant  Secretary  in  charge,  npou  the  operationa  of 
the  Huseam  for  the  year  will  tie  published  a«  Part  ii  of  the  Report  of  the  Smith- 
sonian Institution.     I  shall  here  speak  of  only  the  more  important  matten. 

AddUion»  to  the  <x>(reclu>n«.— The  odditione  to  all  departments  of  the  Mnseum  dur- 
ing the  year  iiamber  62,148  Hpecimena.  These  were  for  the  most  part  miscellaneoiiB 
in  character,  and,  while  valuable  in  themselves,  did  not  tend  to  so  large  an  exteat 
to  supply  gaps  in  the  varionti  series  as  wonld  be  the  case  were  larger  funda  avail- 
able for  purchases.  Important  collectiune  made  by  the  U.  S.  Geolo^cal  Survey,  U. 
S.  Fish  CommiaBJOD,  and  aeveral  other  bureanii  of  the  Government,  in  connection 
with  their  regular  work,  have  been  transmitted  to  the  Museum.  With  the  care  of 
such  collection B  the  Museum  is  chargetl  by  act  of  CongresB. 

A  table  showing  the  number  of  specimens  now  in  each  deportment  of  the  Museum 
and  for  each  year  aince  1882  accompaulea  the  report  of  the  Assistant  Secretary 
which  has  heenalready  referred  to. 

The  tcientiJU  $taf. — The  number  of  ecientiflc  departments  in  the  Mosenm  remains 
the  same  oa  lost  year,  and  few  changes  in  the  personnel  have  been  made.  Mr.  Fred- 
eriek  W.  Tme,  curator  of  mammals,  has  been  deaignat«d  "Cnrator-in-cliarge"  and 
octaoa  the  executive  officer  of  the  Museum,  in  the  absence  of  tbeAssiatant  Secretary. 

The  proportion  of  honorary  curators  remains  the  aame  aa  lost  year.  About  five- 
sevenths  of  the  departments  are  presided  over  by  aopaid  officers  who  are  officially 
attached  to  other  departments  and  buieana  of  the  Government,  especially  the  U.  8, 
Geological  Survey  and  the  U.  S.  Fish  Commission.  This  arrangement  la  in  the  interest 
of  economy,  but  it  ia  not  conducive  to  the  general  welfare  of  the  Museum  that  the 
proportion  should  be  ao  lares  as  at  present,  since  the  necessity  of  devotiuK  moat  of 
their  time  to  other  mattera  makes  it  impossible  for  the  honorary  ouratora  to  advance 
the  work  of  their  departments  as  they  could  if  they  were  attached  to  the  Mnseom 

Dittribntion  of  tprcimcM.—Whaa  for  many  years  been  customary  to  distribute  to 
educational  establishments,  as  far  as  practicable,  the  duplicate  material  separated 
ftom  the  Musenm  collectionH.  This  has  been  poaaible  hitherto,  aa  a  part  of  the 
systematic  operations  of  the  Muaenm,  only  in  the  case  of  fishes,  marine  invertebrates- 
rocks,  minerals,  and  coats  of  prehjatorio  implemeuts,  although  special  collections 
have  occasionally  been  prepared  to  meet  special  needs.  A  large  numberof  sets  of 
rocks  and  minerals  have  been  seat  out  during  the  year.  During  the  two  decades 
from  ISTl  to  1890  about  278,000  specimens  in  all  were  distributed.  The  duplicates  in 
other  departments  of  the  Museum  are  being  arranged  in  seta  ior  diatribntion  as  fast 
as  the  fiw^ilities  at  the  diapoaat  of  the  curators  permit. 

Daring  the  year  ending  Jnne  30,  1893,  the  noinber  of  specimens  sent  out  In 
exchange  or  distributed  to  educational  inatitutiona  was  13,581. 

Firitors. — The  total  number  of  viaitora  to  the  Smithsonian  building  daring  the  year 
was  174,188,  and  to  the  Hosenm  bnilding  319,930,  giving  atOtalof491,18Spenonswh|» 
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Tiaited  Ui«twobaiMinga.    This  tetd  Bbova  aft  inenMM  of  108,476  orcr  the  pieviona 

PuMinOiwu.— ThB  Report  of  the  XHioaal  Miueon  for  1890  (Part  it  of  the  Smith, 
•onian  Report)  haa  been  pablUhed,  and  that  for  1891  will  shortly  be  iaaoed.  The 
npnrt  for  189^  1*  in  thehantts  of  the  Pablic  Printer. 

Volume  XIV  of  the  Pmcevdin^  of  the  MnaeDai  haa  been  iaaned  in  bound  form,  and 
kit  the  eepaTMle  papers  roBposini;  Vat«n«  <iv  have  been  raeeiTed  uid  di«tribnt«d. 
The  manuscript  of  •  number  of  papeia  belonfrinf  to  Volume  xri  has  also  been 
aent  to  the  Public  Printer,  ami  seTerul  of  these  urcre  Imued  in  pamphlet  form  before 
the  cliiMe  of  the  Bwa)  veer. 

Part  P.  of  Bulletin  No.  39,  "  IHimiona  for  roUecting  a^  preaarring  insects,"  b; 
C.  V.  RUey,  and  Part  <i.  of  the  same  Bnlleiin.-'lBMtcrtioa*  for  collecting  moUoska 
•ndolheriMenil  hints  for  iheconehokfcist,"  by  William  H.  DalL  and  also  Balletin  40, 
"  The  Published  Wntiofrs  of  li««rice  Nevbold  Lavnnee.  l)tU-l»l.~  by  L.S.  KoBt«r, 
haTT  been  published.  Bul)eUn41.  -The  Published  Writings  of  Dr.  C"hai)caGiiud," 
by  ti.  RtuTTu  i.Hwde.  a>d  Bnllelia  t^  "A  pcrliminatr  deMnptire  rMaJogne  of  the 
•jnteamlir  collecti>«s  in  eeoaomir  ppohigy  and  metallnl;?  in  the  U.  S.  National 
Hnsenw.'  by  Froderic  P.  ftewey.  wwe  isned  dnrin;  the  preceding  year. 

The  maa«»r«pt  f.ir  Hulleltn  tS.  "  A  Maon^rsph  of  the  Bats  of  Kecth  Anenca,"  by 
Hann»«  Allen,  m.  iv.  Bnllrtin  44.  "Catiskvse  of  (he  Lepid^tnoaa  Sapertemil; 
Narlnid<e  Amnd  in  Roreol  Arntnca."  by  John  K  ^^ilh.  ItalWin  iSi.  "  Tte  Hytiapoda 
•f  North  AmMW*."  bv  Charles  Harrey  IWIIbub.  aad  Bclk-iiu  tS,  "  Maao^raph  of  the 
North  .t,meHranPrDin«ti7pi<!ip.~  by  VVr.lUm  H.Axhmrad.  ha«  ben  stat  to  the  Public 
PriabH.  the  illustrations  harr  been  mcraieiL  a>d  the  text  pM  in  type.  Special 
ttulMin  N.V  1,  "Ufe  Hi»w*i«o  of  North  Aawnoan  Kr*-"  by  Capt.  Charles  E. 
Bmdir*-.  homikrarr  rutvtor  of  btnb~  occs  is  the  Xasra^  ha«  bet*  iwntd.  This  ■• 
the  Krsl  itiiarlo  mlume  jMtKisbed  by  (he  Mkwcel  ^f**:*]  Balirtin  No.  2.  "Oreauic 
Irhthjoh^yr-"'  •  WKMiVi'^wr*'  of  the  .Seep  ara  sad  prlaire  fi^bm  of  the  worid.  bj  G. 
Itaro««  <H<«de  and  Tart^ixa  II.  iWos.  it  :a  tbf  h&=>i^  o:'  the  PobUr  Priatn.  and  it 
is  e\)<ec(nl  that  the  TulaiMe  «;::  be  iv«dy  M-  i-UfirtbiSiMm  eariy  in  the  next  year. 

The  JtmMol  li<r  the  Maw«m  |qS:>-At:.<M  has  larrtaird  to  n<^  aa  exteat  that 
nUMV  ownHy  ar>p)u-at:<ios  are  da^'.y  rrrVH^.  Jia  iatrrase  in  the  aUotment  for 
pnotiR^  ran  n<<4  be  hw  fliiHtc>y  src^!.  :x  eo^r  i^t  tbr  Mnee«m  may  hoeBabled  to 
]>tar»  »  f.i'.l  irr.r*  of  its  j»Kb;;..-a;;.>3*  :s  rr'^rwuetat.xT  li^^rxev  ia  difcunt  parts  of 
*eH-h!4ai.\  U  a  wKier  .hMr;ysr,-«  .^'  iN;V...-ai  *-*  of  t be  If isMwa  «e«e  prorided 
tsMT.  the  M«*Fi:<a  wimiM  ao.f.vibtihi^  ;vw:<v  -.a  r\:i,K:^*  ihe  raluahle  pafalieatians 
of  OU01  »-H>nl:lW  lo^limcwis  «h;.-h  a:e  a)  kvkvt.i  ea.!y  miiaj.nlj  npiwliil  in 

■  — iV  Arj-.~  ^v  ;'«■..  aa  art  -»s  psvvide  for 
»»r>aii>  •-•f  :}«.t.wv'*ri  of  Amtriroby  Christopbor 
Oviir.'V.i*  M  *.*;.:-:-,i:  »r  -.rtec?.»;  (o:.»"  «*.i.  >  i>,-«i  .■^' »rw.  ^T-.^n^trwo.  ^«aa&ctim*. 
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e^rrrv— 1  R«ri1  .sf  t.'.>riTNS  »»  trcxj.vv^:  fv»i-^i-"-Tc  oj"  nyswwntatiigs  of  eneh 
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dlsooveiy  by  Colamboa,  and  for  repreoenting  the  animal  life  and  the  natnral 
TesonrceB  of  the  country.  The  woik  of  mountiug  and  arranging  the  Bpecimene  \rag 
inunediatelj  begua,  and  continued  nntil  the  beginning  of  the  present  calendar  year. 

In  February,  tbe  fint  flhipmenta  to  Chicago  were  made.  The  entire  exhibit  BUed 
twenty-nine  can.  On  the  opening  day,  Hay  1,  the  eihibita  were  all  in  place  and 
were  formally  opened  to  tbe  public. 

In  the  act  aathorizing  the  Exposition  special  provision  was  made  for  the  con- 
Btmctionofa  separate  bnilding  for  tbe  esbibits  of  tbe  United  States  Ooremment,  at 
a  coet  of  M00,000.  About  22,000  square  feet  of  floor  space  were  assigned  to  tbe  Smith- 
sonian Institntion  and  National  Masenm  at  the  sonth  center  of  the  building. 

Before  closing  these  statemeutsl  feel  it  my  dnty  agaiu  to  allude  to  the  over- 
cronded  condition  of  the  halls  of  the  present  Mnseum  building.  This  has  been 
temporarily  alleviated  to  some  eictent  by  the  transmission  of  a  large  number  of 
specimens  from  several  departments  of  the  Mnsenm  to  the  World's  Columbian 
Exposition,  but  at  the  close  of  the  Exposition  these  objects  will  be  returned.  Some 
provision  must  also  bo  made  for  the  objects  which  were  acquired  especially  for  the 
Exposition,  OS  well  as  for  material  which  will  doubtless  be  presented  to  the  United 
States  by  foreign  govoruments  and  private  exhibitors. 

I  have  already  called  attention  to  the  large  numl>er  of  specimens,  now  in  the 
storerooms,  which  have  never  yet  been  provided  for,  and  which  are  in  danger  of 
deteriorating,  owing  to  the  impossibility  of  propedy  coring  for  them.  I  am  airaie 
that  the  burden  of  these  rejnarks  has  become  au  aunual  repetition,  bat  I  feel  it  my 
dnty  to  cnntiuno  to  make  these  representations  nntil  Cougreiis,  upon  whom  the 
resjranaibility  falls,  ehall  erect  an  additional  Mnseum  building,  or  at  least  fire-proof 
Btorage-sbede. 

I  must  again  call  attention  to  the  need  of  larger  appropriations  for  the  corrent 
work.  The  numtrer  of  visitors  and  tlie  demands  of  the  public  are  constantly 
increasing,  and  more  money  isnecessaryiu  order  to  carry  on  legitimate  work  in  a  bus- 
iness-like and  effective  manner.  The.  clerical  employee  are  paid  less  than  in  the 
EsecDtive  Departments,  and  many  of  them  leave  after  a  short  period  of  service,  to 
the  serious  detriineut  of  tbe  Museum,  which  is  compelled  to  train  new  clerks. 

In  the  matter  of  heating  and  lighting,  to  which  I  called  special  attention  in  my 
lost  report,  I  trust  that  the  full  amount  asked  for,  including  the  cost  of  new  heating 
apparatus,  which  I  have  estimated  at  $4,000,  will  be  allowed  by  Congress..  I  may 
add  that  much  siukncss  has  occurred  during  previous  winters  owing  to  the  impossi- 
bility of  keeping  all  the  offices  in  the  building  properly  heated  with  the  small 
amount  of  coal  which  oould  be  purchased. 
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Sir:  I  have  tbe  honor  to  aabmit  tile  following  report  on  the  work  of  the  Bnrean 
nnder  my  chiirge  during  the  fiscal  jeor  eoding  Jnne  30,  1893.  In  recent  y«ara  the 
reaearches  of  the  Bureau  have  been  largely  topical  and  carried  forward  along  lines 
representing  the  chief  natural  divtBions  of  ethnologic  BCience.  Tbe  report  isartknged 
bv  tbe«o  snbjects  of  investigation. 


Keeearches  concerning  the  pictography  and  sign  language  of  the  native  American 
tribea  were  continued  by  Col.  Garrick  Mall ery,  who  spent  a  part  of  the  year  in 
the  Held  in  northern  New  England  and  contiguous  territory  in  special  work  amcmg 
the  survivors  of  the  Abnaki,  Micmac,  and  other  Algonqnian  tribes.  The  work 
resulted  in  substantial  odditJons  to  knowledge  of  the  picture  writing  and  gesture 
speech  among  tbeae  people.  During  the  greater  part  of  tlie  year  Col.  Hallery  was 
occupied  in  the  office  first  in  preparing  and  afterward  in  revising  and  correcting 
the  proof  sheets  of  his  extended  report  entitled  "  Picture  writing  of  the  Ameri- 
can Indians,"  which  forma  the  greater  part  of  the  tenth  annnal  report  of  the 
Bureau.  This  elaborate  treatise  is  a  practically  exhansttve  mnnogtaph  on  the  sub- 
ject to  which  it  relates.  The  plates  and  text  illustrations,  which  together  comprise 
nearly  fourteen  hundred  figures,  were  collected  with  care  and  represent  the  aborigi- 
nal picture  writing  of  all  portions  of  the  conntry  with  fidelity,  while  the  signifi- 
cance and  relations  of  the  glypfau  are  diacuHsed  in  detiiil  in  the  text. 

During  the  later  portion  of  the  year,  in  intervals  of  the  work  of  proof  reTising, 
Col.  Hallery  con  tin  uud  the  collection  and  arrangement  of  material  relating  to ''te 
sign  language  of  the  American  aborigines.  A  preliminary  treatise  on  this  etibject 
was  published  in  one  of  the  early  reports  of  the  Bureau ;  but  since  that  time,  partly 
through  thestimuluB  to  study  of  the  habits  aud  customs  of  our  native  tribea  afforded 
by  that  publication,  a  large  amount  of  additional  material  has  been  obtained.  It  is 
the  purpose  to  collate  and  discuss  this  material  in  a'flnal  monograph,  which  will  be, 
it  is  believed,  even  more  comprehensive  than  that  on  pictography,  and  Col.  Hallerr 
faao  made  satisfactory  progress  in  this  work. 

Dr.  W.  J.  nofTmnn,  who  has  for  some  years  been  associated  with  the  work  on  pic- 
tography and  sign  language,  was  occupied  during  the  great«r  part  of  the  year  in 
collateral  researches  relating  to  the  ceremonies  of  a  secret  society  (the  "Grand 
Uedioine  Society")  of  the  Menomoni  Indiana  of  Wiaconsin.  Beginning  with  the 
study  of  the  pictograpbs  and  gestures  of  these  Indians  he  gradually  extended  his 
investigations  to  other  ct;aracteri sties  of  the  tribe,  and  for  three  years  in  snoceaBion 
attended  the  initiation  of  candidates  into  their  most  important  secret  socie^,  and 
was  thus  enableil  to  obtain  the  archaic  linguistic  forms  used  only  in  the  langnage 
employed  in  the  esoteric  ritual.  The  datacoUected  were  subsequently  coUkted  with 
a  view  to  publication.  Some  attention  was  also  given  to  linguistic  matter,  iaclnd- 
ing  gesture  speecl.>,  collected  among  the  Absaioka  Indians  in  Montana  and  the  Lieecb 
lake  band  of  Ojibwa  Indians  in  Minnesota. 
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Arcbeologic  researches  wore  actively  coutinned  by  Prof.  W.  H.  Holmes,  with  sev- 
eral collaborators  aod  assiatauts,  in  differeut  eastern  States  aoil  in  the  ioterior.  The 
wotIc  in  eastern  United  States  has  been  notably  rich  in  resiilte  of  scientifio  vftlae. 
Praf.  Holmes  examined  in  detail  the  novaculite  tiuarries  of  Arkansas,  the  pipestone 
quarries  of  Minnesota,  and  the  ancient  copper  mines  of  Isle  Royale,  Mich.  He  also 
made  important  studies  at  varions  points  in  the  valleys  of  Potomac,  Genesee,  and 
Ohio  rivets,  and  his  surveys  and  examinations  in  the  Delaware  valley,  particularly 
abont  Trenton,  were  especially  extended.  At  the  last-nauied  locality  advantage 
was  taken  of  the  excavation  of  abroad  and  deep  trench  parallel  with  thenverf>out 
at  TrantoD  to  study  carefully  the  late  glacial  gravels  commonly  supposed  to  yield 
hiunan  relics.  For  a  period  of  six  weelis  the  excellent  exposures  made  in  this  trench, 
25  to  35  feet  deep,  were  constantly  watched  by  Prof.  [Eolmes  and  Mr.  William  Din- 
widdle, withont,  however,  the  finding  of  a  single  artifleial  object  in  the  previously 
nnilisturbed  gravels.  This  negative  result  Is  believed  to  be  of  great  importance  to 
American  archeology.  Special  eiami nations,  frequently  reqni ring  excavations,  were 
made  of  the  ancient  soapstone  quarries  of  the  District  of  Columbia  and  in  Virginia, 
Hr.  Dinwiddle  and  Mr.  Gerard  Fowke  aiding  in  the  work ;  and  toward  the  close  of 
the  year  Mr.  De  Laocey  W.  Gill,  of  tbi;  U.  8.  Oeologicnl  Survey,  was  detailed  to  make 
an  examination  of  the  ancient  mica  mines  of  North  Carolina.  Valuable  collections 
of  material  represeDtlng  aboriginal  arts  and  industries  grew  out  of  this  work. 

In  December  Prof.  >Iolme8  nas  placed  Jn  charge  of  the  exhibit  of  the  Burean  of 
Ethnology  for  the  World's  Columbian  Exposition  at  Chicago,  and  HRvcrnI  months 
were  occnpieil  mainly  in  preparing,  classifying,  labeling,  and  arranging  the  exhibit, 
which  iuclndes  (I)  a  series  of  collections  illugtratiug  aboriginal  qnurrying,  mining, 
and  implement-making  industries;  (2)  varions  collections  of  ethnologic  material 
made  chiefly  by  collaborators  of  the  Burean;  and  (3)  a  series  of  lifc-siie  fignres 
illnstrating  the  domestic  life,  arts,  and  industries  of  the  aborigines.  It  is  a  pleasure 
to  observe  that  this  exhibit  attracted  great  attention  among  visitors  to  the  Fair. 
Messrs.  H.  W.  Henehaw,  Jnmee  Moonoy,  F.  H.  Cashing,  and  Geraril  Fowko  aided 
in  the  preparation  of  this  exhibit. 

At  intervals  thronghout  the  year  Prof  Holmes  continued  researches  concerning 
tho  development  of  the  shaping  arts.  Hitherto,  American  archeologists  have  in 
general  been  content  to  accept  the  clossili ration  of  prehistoric  peoples  into  enltnre 
stages  based  on  the  pro<lactB  of  art  wi>rk  in  stone,  the  classification  being  derived 
from  European  stadies.  During  the  Inst  decade  different  archeologists  have  devoted 
rauch  attention  to  the  development  of  pristine  culture  as  indicated  by  the  artifleial 
stone  Implements,  weapons,  and  other  objects  found  in  many  parts  of  thisconntry, 
and  have  come  to  question  the  applicability  of  the  European  c lass ifi cation.  While 
the  investigation  can  not  be  regarditil  as  complete,  it  is  worthy  of  note  that  a  large 
body  of  data  has  been  brought  together  which  seem  to  aiFord  a  basis  for  an  indige- 
nous classiflcation  of  primitive  American  art  products.  This  clussifi  cation  will,  it 
is  believed,  eventually  give  character  to  that  branch  of  American  archeology  which 
deals  with  art  in  stone. 

Mr.  Cosmos  Mindeleff  continued  his  study  of  the  Pueblo  relics  and  prepared  an 
elaborate  treatise  on  the  snhject  for  the  press.  This  work,  under  the  title  "Aborig- 
inal Bemains  in  tho  Valley  of  the  Rio  Verde,"  is  Dow  completed  and  forms  part  of 
the  thirteenth  annual  report.  It  illnstrates  indetnil  tho  architecture  and  varions 
iudustrial  arts  recorded  in  the  mined  cities  of  pre-Columbian  tribes  in  the 
Southwest. 

In  addition  to  the  surveys  and  researches  already  noted,  Mr.  Gerard  Fowke  was 
employed  for  several  months  in  archeologic  explorations  la  Ohio.  He  was  able  to 
obtain  mnoh  valuable  material. 
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Tbfl  reaearches  oonoefniDg  the  Hieieiit  Indian  dioiidiIb  distribnted  orer  num;  por- 
tiona  of  the  conntrj-,  puticnlarlj  the  MiMivippi  Valkr,  bare  b««n  contiDned  bf 
Dr.  Cyra*  Tbonuu.  Hie  chief  worh  during  the  year  has  been  the  preparation  of 
matter  for  pablication  and  the  rerisioD  of  iiroofa  of  text  and  illiubvtiaiu.  The 
prineipal  reanlts  of  Dr.  Thomas's  reeearcbe*  are  incorponted  in  amoDOgrapb  of  orer 
TOOpagen  in  tbe  eleventh  annual  report.  S«v«rs]  miDor  papen  relating  to  differ- 
ent elaoBee  of  articles  caUect«d  from  moonds  also  aie  in  varion'  st^es  of  prepara- 
tion, Ivo  being  reaily  for  pablieation. 

In  addition  to  his  special  work  on  the  Indian  mouida,  Dr.  Thomas  was  able  to 
deTote  some  time  to  the  study  of  certain  Mexican  codices  of  exception >1  arcbeo- 
logic  iiit«rest.  Considerable  progress  bas  been  made  in  analyzing  the  characters  of 
the  Maya  codices,  and  it  is  believed  that  these  highly  significant  inscriptiona  may 
nllimately  be  deciphered  by  means  of  the  methods  devised  and  puTaQ<>d  by  him. 

Ho  Held  work  was  L^ndncted  in  this  branch  of  tbe  Barean  during  the  year. 


Tbe  work  on  sociology  of  the  American  Indians  was  continned  by  Mr.  H.  W.  Heo- 
shaw.  Tbe  earlier  part  of  the  year  was  spent  in  collecting  sociologic  and  lingniatic 
malenals  among  tbe  Indians  of  Butte,  Mendocino,  and  Saa  Diego  cotmties,  Califor- 
nia. Early  in  18^  Mr.  HeoHliaw  was  nnfortuoatcly  compelled  by  ill  health  to  ask 
for  iudefioite  leave  of  absence. 

Mr.  James  Mooney  spent  the  greater  part  of  the  year  in  the  Beld  collecting  infor- 
mation eonceming  the  Sioux  ghost  dance,  and  concemiog  the  habits,  cnstomB,  aod 
social  relations  of  the  Kiowa  and  other  tribes,  viniting  tbe  Sionx  Indiana  at  Pine 
Eidge,  8.  Diik,,  the  (tliosbuni  and  northern  Arapaho  in  Wyoming,  and  tbe 
Cheyenne,  southem  Arapabos,  Kiowa,  Comanche,  and  associated  tribea  in  Okla- 
homa. In  udilition  to  valuable  literary  material,  he  made  important  collections  of 
objects  repreacD ting  aboriginal  life,  iuclDdiug  a  series  of  Kiowa  shield  models  with 
illustrative  pictography  affording  data  for  a  study  of  primitive  heraldry,  and  three 
important  calendarH, 

In  December  Mr.  Moonfj'  waa  commissioned  to  make  collections  smoog  the  Nava- 
Jos  and  Moquis  of  New  Mexico  and  Arizona  for  exhiliitiOD  at  the  World's  Fair.  This 
work  Te8ull«d  in  a  rcmarliable  collection  of  unique  inuterial  from  two  of  our  most 
interesting  native  tribes,  including  the  products  of  industrial  arts,  costnmery,  etc., 
as  well  as  the  photographs  and  materials  iieoded  for  preparing  and  exhibiting  a 
Berii's  of  groups  oflife-sized  figures  illustrating  doDiestic  life,  inilnstries,  and  cere- 
monit'H.  In  addition  an  nnprccedent«d1y  extensive  collection  of  Indian  food  products 
was  obtaiueil  for  tlie  National  Museum. 

LINGUISTICS. 

Linguistic  researclies  were  continued  by  Rev.  J.  Ovren  Dorsey,  Dr.  Albert  S. 
Oatscliet,  and  Mr.  J.  N.  B.  Hewitt.  Mr.  Domey  continued  his  investigations  in  con- 
nection with  tlio  report  on  Indian  synonymy,  making  a  thorough  study  of  the 
Catawba  tribes  and  tlicir  habitats.  He  also  resumed  work  on  the  Biloii  language, 
at  first  using  the  material  collected  during  the  previous  year,  arranging  the  fiilnil 
verbs  in  funrteen  coujugations,  making  a  listof  Biloxi  onomatopes,  and  compiling  a 
Biloxi-Euglish  vocabulary  of  about  two  thousand  entries  together  with  a  catalogue 
of  Biluxi  titota.  For  the  purpose  of  carrying  this  inveHtigation  to  completion  be 
visited  Lecompte,  La.,  during  the  winter  and  spent  two  months  with  the  survivor* 
of  tliiH  interesting  tribe,  lu  addition  he  practically  finished  the  work  of  editing 
the  manuscript  of  RiggH,  "  Dakota  Grammar,  Texti>  and  Ethnography,"  which  con- 
stitutes Volume  IX  of  the  series  of  Contributions  l«  North  American  Ethnology. 
Proofs  of  Ibis  work,  which  is  about  to  leave  the  press,  were  revised  during  the  latter 
portion  of  tbe  year. 

The  earlier  part  of  the  year  was  spent  by  Dr.  Gatschet  in  the  ttndy  of  the  Wichita 
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laoKiinge  at  the  EducKtioaal  Home  for  Indi»u  boys  in  Philadelphia.  Special  atten- 
tioD  was  given  to  the  Wichita  verb,  which,  like  the  verh  of  all  the  Caddoan  lan- 
gnages,  is  highly  complex  iu  iti  inflectioDa  And  in  the  permatability  of  its  codbo- 
naotfl.  From  October  1  ap  to  the  end  of  April  Mr;  Gatschet  vrae  occnpied  Id  the 
study  of  the  Peoria,  Shannee  (oi  Shawano),  Atapaho,  and  Chejenns  languaged  in 
Indian  Territory.  Eight  weeks  were  devoted  to  the  Peoria  language,  during  which 
period  over  three  thousand  terras  and  a  corresponding  number  of  phrases  and  sen- 
tences were  collected  and  revised.  This  study  is  deemed  of  exceptional  interest, 
since  no  texts  of  the  Peoria  language  are  known  to  have  appeared  iu  print. 

The  Shawnee  was  the  laognage  next  taken  np.  Assisted  in  the  field  by  good 
interpreters.  Dr.  Oatschet  obtained  copies  and  reliable  material  in  texts  of  the 
phraseology  and  terms  of  the  Shawnee  language,  a  number  of  verbal  and  nominal 
paradigms,  and  a  choice  selection  of  in  stances  showing  the  multiplicity  of  duplication. 

Subsequently  he  took  up  the  Arapabo  aud  Cheyenne  languages.  Both  are  nasal- 
ixing  aud  are  spoken  in  several  dialectA  differing  but  little  from  each  other.  Ample 
collections  were  made  of  leiical  and  phraseological  material,  with  texts  and  some 
poetic  specimens.  Tbe  ethnographicetndyof  tbeeegennineprairielndianeishigbly 
interesting,  since  they  hnve  had  but  a  few  years  of  iuterooorse  with  the  white  man 
aud  his  civilizing,  as  well  as  corrupting,  influences. 

Mr.  Hewitt  continued  his  work  on  the  Iroquoian  languages,  with  which  be  is 
thoTonglily  familiar.  He  was  able  to  ascertain  and  formulate  the  principles  or  canons 
governing  the  nnmber,  kind,  and  position  of  uotiimal  stems  in  symphrases,  or  word- 
sentences.  Six  rules  are  formulated  which  cstalilish  and  govern  the  morpbologie 
ground  plan  of  words  luid  word-senteuces.     These  are  as  follows: 

First.  Tbe  simple  or  tbe  compouud  stow  of  a  notional  word  of  a  word-sentence 
may  not  be  employed  as  an  element  of  discourse  without  a  prefixed  simple  or  com- 
plex personal  pronoun,  or  sigu  or  flexion  denotive  of  gender,  the  prefliion  of  the 
latter  taking  place  with  nouns  only. 

Second.  Only  two  notional  stems  may  be  combined  in  the  some  word-sentence, 
and  they  must  belong  respectively  to  different  parts  of  epeecta. 

Tbird.  An  a4|ective-Bteu  may  not  combine  with  a  verb-etem,  bnt  it  may  nnit« 
with  the  formative  thA',  to  make  or  cause,  or  with  the  inchoative  (. 

Fourth.  Tbe  stem  of  a  verb  or  adjective  may  combine  with  the  stem  of  a  noun, 
and  BQch  stem  of  a  verb  or  adjective  most  be  placed  after  and  never  before  the  noun- 
Fifth,  A  qnaliflcative  or  other  woril  or  element  mnst  not  be  interposed  between 
the  two  combined  stems  of  compound  notional  wonls,  uor  between  the  simple  or 
compound  notional  stem  and  its  simple  or  complex  prouominul  pretix. 

Sixth.  Derivative  and  formative  change  uiaj  be  effected  only  by  the  pre6xian  or 
snfflxiou  of  suitable  flexions  to  the  morphologies  fixed  by  the  foregoing  rules  or 

Mr.  Hewitt  also  continued  bis  general  study  of  tbe  Iroquoian  languages  de- 
ecril>ed  in  previous  reports,  and  collected  additional  material  relating  to  the  man- 
ners, customs,  and  history  of  the  Iroquis  Indians,  chiefly  by  translatiou  and  abstrac- 
tion from  the  .Jesuit  relations  and  aci'onnts  of  tht>  early  French  explorers.  He  also 
coDlinned  work  on  the  Tnskarora- English  dictionary  and  grammar. 


The  researches  in  mythology,  by  Mr.  Frank  Hamilton  Cashing  and  Mrs.  Matilda 
C ox e Stevenson,  were  continued  thronghont  the  year.  Mr.  Ciuhing  was  occnpied 
chiefly  in  arranging  and  collating  material  previonsly  collected;  with  a  view  to  pub- 
lication. An  important  result  of  his  work  is  the  demonstration  of  the  fact  that  tbe 
mythic  concepts,  which  form  so  large  a  part  of  the  intellectual  life  of  primitive 
peoples  are  greatly  modified  by  tbe  bodily  organs  and  fnnctions  exercised  in  their 
expression.  In  some  cusfs  this  relation  lietween  organ  or  function  on  tlie  one  band 
and  concept  on  the  other  ie  so  intimate  as  to  justify  the  ascription  of  the  modern  con* 
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c«pt  to  doAl  oaoBM,  of  wbiab  the  flnt  ii  intetlectaal,  vhile  the  hardly  lew  eMcmtUl 
Moondoaose  is  phfBiologio;r.  g.,  it  may  be  shown  conolosively  that  the  decimAlaye- 
temfomuDgtbe  baaia  of  the  arithmetic  of  certain  sou  tlmea'em  tribes  is  eweotiaJIy 
IndigeaoDS  and  hu  grown  np  through  snccessive  geueratione  ftom  counting  on  the 
fingers  io  csrtain  definite  nays.  This  relation  between  concepts  and  phyaiolo^c 
■tmctnre  is  especially  signifloant  in  its  bearing  od  the  development  of  primitive 
mythology. 

HiB.  Stevenson  was  occapied  daring  a  part  of  the  year  in  revising  for  the  press 
her  report  entitled  "The  Sia,"  which  forms  the  leading  paper  of  the  twelfth  annnal 
report  of  the  Bureau,  now  in  the  hands  of  the  printer.  She  was  alao  engaged  for 
several  months  in  the  preparation  of  a  memoir  on  the  secret  societies  and  ceremo- 
nials of  the  ZnCi  Inilians.  Mrs.  Stevenson's  researches  on  these  soathwestem  tribes 
have  not  only  reenlted  in  important  oontrihations  to  knowledge  of  the  primitive 
belie&  by  which  the  daily  life  of  these  peoples  was  governed,  bot  have  also  thrown 
light,on  the  migrations  and  ethnic  relations  of  their  ancestora.  The  monograph  on 
this  snbject,  which  ie  illDsIrated  by  numerous  graphic  repreeentations,  is  approach- 
ing completion. 

BIBUOOEtAPHY. 

The  work  on  bibliography  of  native  American  languages  was  oontioned  by  Ht. 
James  C.  Pilling.  Two  numbers  of  the  series  of  bibliographies  were  issued  as 
bulletlna  of  the  Bureau  during  the  year,  another  was  sent  to  press,  and  a  fourth  was 
nearly  completed  in  maDOScript.  The  later  proofs  of  the  sixth  of  the  eeriea,  which 
relates  to  the  Athapascan  languages,  were  revised  early  in  the  year.  The  work 
was  snbsequently  issued  as  a  bnlletin  of  138  pages,  embrai^ing  544  tttnlar  entries 
with  i  facsimile  reproductions.  Although  the  publication  woe  not  diHtribnted 
until  spring  of  the  present  calendar  year,  it  has  already  been  favorably  noticed  in 
scientific  journals  in  this  and  other  countries;  and  the  critical  reviews  show  that 
the  stadente  of  our  native  languages  place  this  work  by  Mr.  Pilling  on  the  same 
high  plane  accorded  the  previous  volumes  of  the  series. 

The  bibliography  of  the  Chinookan  languages  (including  the  Chinook  jargon) 
was  sent  to  press  in  October  and  proof  revision  was  finished  in  April.  In  the  com- 
pilation of  this  bibliography  much  attention  was  given  to  the  origin  and  growth  of 
the  Chinook  Jargon,  or  "trade  language,"  of  the  northwestern  coast,  which  has 
come  to  be  au  international  dialect,  afibrding  the  established  means  of  communica- 
tion iKtween  the  whites  and  the  several  native  tribes  occupying  theregion  lietween 
the  State  of  Washington  anil  Alaska,  whone  languages  are  many  and  diverse. 
While  this  bibliography  (the  seventh  of  the  series)  comprises  but  94  pages  and 
inclndesonly  270  titular  entries,  it  la  believed  that  it  will  prove  no  less  valuable  to 
linguistic  students  than  the  earlier  numberH,  Hiuco  it  ia  substantially  a  record  of  a 
dead  language,  there  being  but  one  man  now  living  who  fully  understands  the 
tongue  on  which  the  linguistic  relations  of  the  family  rest.  The  edition  of  this  bnl- 
letin was  delivered  by  the  Public  Printer  in  May. 

The  manuscript  of  the  bibliography  of  the  SaliNhan  langnages  was  sent  to  press 
in  March,  and  proof  revision  is  in  progress.  This  work  exceeds  in  volume  the 
Chinookan  bibliography,  and,  like  that,  deals  with  the  records  of  one  of  the  highly 
intereatlug  group  of  native  touguea  of  our  Pacific  region,  which,  though  doomed 
to  early  extinction,  are  among  the  mostimportant  sources  of  information  concerning 
the  development  of  language. 

Toward  the  close  of  the  year  Hr.  Fitting  was  occupied  in  preparing  for  the  press 
the  bibliography  of  the  Wakaahao  languages,  the  ninth  number  of  the  series,  which 
Is  now  well  advanced. 

The  valne  of  the  several  bibliographies  has  been  greatly  enhanced,  and  their  prep- 
aration has  beeu  materially  facilitated  through  the  cooperation  of  linguisUc 
students  in  different  parts  of  the  country.  Special  acknowledgments  are  due  Mr. 
Horatio  Hale,  the  well-known  philologist,  auU  Mr.  J.  K.  Gill,  anthorof  a  dictionary 
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of  Vh«  Chinook  J«gon,  for  ftid  in  the  preparatioii  of  ChinookoD  bibliograpli;;  and 
Mr.  PUliug  ackuowledgea  eqn&l  obligatioos  to  the  Rev.  Hjrnn  EelU  and  Dr.  Fruu 
Bom  for  infomution  concerning  the  Chiuookan  and  Salishon  langnagei. 

8T»ONTMy  OF  INDIAN  THIBEB. 

The  preparation  of  this  work,  which  has  engaged  the  attention  of  nearly  all  the 
collaborators  of  the  Bnrean  at  varions  times,  U  well  advanced.  Dnring  the  year 
Ueaers  H.  W.  Henahaw,  F.  Webb  Hodge,  James  Hooney,  and  J.  Owen  Dorsey  have 
oontribnted  to  the  work.  The  portioos  of  the  synonymy  relating  to  the  tribea  of 
the  following  stocks  are  ready  for  publication : 

Attacapan,  Beothnkan,  Kalapooian,  Karankawan,  Eoaan,  Latnamian,  Unskbo- 
gean,  Nalcheian,  Skittagetan,  Timnqnauan,  Tonikan,Uchean,  Yakonan,  and  Ynman. 

In  addition,  the  Algonqoian  and  Iroqnoian  famlliea — two  of  the  largest  and  most 
important — require  comparatively  little  elaboration  by  Mr.  Hooney  (to  whom  these 
stocks  were  originally  assigned)  to  make  them  ready  for  preaa. 

When  hie  other  daties  permitted  Mr.  Hodge  devoted  attenttOn  to  the  elaboration 
of  material  pertaining  to  the  Piman  family,  as  well  as  that  of  the  Pnehlo  stocks 
(ZnDian,  Kereean,  Tafloan,  and  the  Tnsayan  division  of  tbe  Sbosbonean).  Very 
little  work  is  now  required  to  finally  complete  for  publication  the  material 
relating  to  these  tribes.  In  addition,  Mr.  Hoilge  introduced  into  the  deseriptiona 
formerly  made  of  some  twenty  stocks  (principally  in  Catifomia)  a  large  body  of 
new  material  made  known  by  reoent  investigators. 

PSYCHOLOGY. 

Within  recent  years  it  has  come  to  be  recognized  by  many  ethnologists  that  the 
mythic  concepts,  and  throngb  these  the  social  institutions,  of  primitive  peoples  are 
dependent  on  a  limitAd  number  of  factors,  including  (1)  individual  and  tribal  envi- 
ronment and  (2)  individual  and  collective  modes  and  habits  of  thought.  Now  the 
first  of  these  factors  bos  received  tbe  attention  of  nearly  all  investigators,  while  the 
second  has  received  much  less  consideration  and  is  frequently  ignored.  Accordingly, 
it  has  been  thought  desirable  to  undertake  the  investigation  of  intellectual  method 
for  the  purpose  of  developing  the  principles  of  p8ychotogy,andthns  affording  a  more 
deBnite  basis  for  the  researches  in  mythology  and  sociology.  To  this  subject  the 
Director  has  devoted  a  considerable  part  of  tbe  year,  and  a  tentative  system  of  psy- 
chology which  will,  it  is  believed,  prove  a  useful  guide  for  further  researches  has 
b«en  formulated. 

BXPLORATION. 
The  Director  spent  several  weeks  in  ethnologic  erploration  in  the  Northern  Paoiflo 
slope.  The  territory  lying  between  the  Sierra  Nevotla  Mountains  and  tbe  Pacific  is 
of  exceptional  value  to  ethnologists  by  reason  of  the  remarkable  number  of  independ- 
ent lingnistic  stocks  crowded  into  a  relatively  small  area;  three-fourths  of  the  dis- 
tinct groups  of  peoples  in  this  country,  and  fully  half  of  all  known  on  the  Western 
Hemisphere,  are  found  in  this  locality.  The  northern  part  of  the  tract  has  never 
been  explored  by  students;  and  In  tbe  hope  of  discovering  additional  stocks  among 
the  remaining  tribes,  and  in  tuehope  of  gaining  additional  knowledge  concerning  the 
origin  of  this  remarkable  diversity  of  languages,  on  exploratory  trip  was  planned. 
Tbe  results  of  tbe  observations  are  incorporated  in  teporta  now  in  course  of  prepara- 
tion for  tbe  press.  Mr.  Henshaw,  in  southern  California,  and  Hr.  Mooney,  in  tbe 
northern  Rocky  Monntain  region,  also  penetrated  areas  and  encountered  Indians  not 
ptevlouBly  seen  by  scientific  students. 

MISCELLAKBOU8  WORK. 

As  incidentally  noted  in  proceeding  paragraphs,  much  time  and  thought  have 
been  given  to  the  installation  of  an  ethnologic  exhibit  in  the  World's  Columbian 
Exposition  at  Chicago.    This  exhibit  occupies  tbe  southern  portion  of  the  Uovem- 
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ment  building.  It  oomprisM  ft  lar^  amonut  of  rokteriol  of  popnUr  sa  well  us  aei- 
entific  interest,  derived  from  TsriouB  portions  of  the  coantry,  a  conaiderable  part 
of  tLis  material  having  beeo  collected  orprepared  especially  for  the  Espoeition. 
Most  of  the  collaborators  of  the  Bareau  have  contributed  directly  or  indirectlf  to 
this  exhibit. 

The  work  of  the  modeling  department  has  been  continued.  The  chief  work  has 
Iain  in  the  restoration  and  repair  of  models  previoimlj  constructed  and  exhibited  at 
the  expositions  in  New  Orleans  and  Madrid.  A  number  of  new  models  and  sevenl 
replicas  of  models  already  constructed  have,  however,  been  eiecnted,  chiefly  for 
use  in  the  Columbian  Exposition. 

During  the  year  an  exceptional  number  of  applications  for  definite  iufonnktiam 
concerning  our  native  tribes  have  been  received  from  the  publishers  of  encyc1opedi»s, 
dictionaries,  physical  geographies,  and  other  standard  works,  and  in  view  of  the 
educational  valuu  uf  these  publications  and  the  manifest  public  advantage  to  be 
gained  from  the  diflnsion  of  the  results  of  the  latest  scientific  researches,  it  has  been 
deemed  important  to  respond  to  such  applications  as  fully  as  possible.  Hnch  infor- 
mation has  been  disseminated  in  this  way  during  the  year,  and  several  encyclopedia 
articles  have  been  preparcdby  the  director  and  different  coUabocat^iTB  of  the  Burewi. 

ILLUSTRATIONS. 

The  work  connected  with  the  Illustration  of  reports  hoa  been  continned  nnder  the 
supervision  of  Mr.  DeLancey  W.  Gill,  chief  of  the  division  of  illustrations  of  the 
Geological  Survey,  the  actual  labor  of  executing  drawings  being  performed  in  large 
part  by  Miss  Mary  Irviu  Wright  and  Hiss  Mary  M.  Mitchell.  Most  of  the  work 
done  by  the  former  artist  is  highly  elaborate,  comprising  drawings  of  pueblo  life 
and  ceremonials  and  representations  of  scenes  in  the  ceremonials  of  the  Sioux 
ghost  dance.  The  chief  work  of  the  latter  has  been  the  preparation  of  drawings  of 
Indian  implements,  principally  objects  of  stone.  Two  hundred  and  fifty-seven  orig- 
inal drawings  designed  lor  reproduction  by  various  proceeses  were  executed  during 
the  year. 

Onethonsaod  three  hundred  and  forty-four  engraved  proofs  have  been  received 
from  the  Public  Printer  during  the  tiseal  year  and  have  been  examined,  revised  or 
apprnvoil,  anil  returned.  The  printed  editions  of  all  chromolitbagrapha  used  in  (he 
publications  of  the  Bnroau  have  also  been  examined  and   the  imperfect  eheete 

The  photographic  work  of  the  Bureau  has  been  ably  directed,  as  in  previous  yeara, 
by  Mr.  J.  K.  Ilillers.  The  following  statement  includes  the  work  done  in  the  pho- 
tographic laboratory  during  tho  year; 
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Sill :  I  hivTe  the  hoooT  to  present  the  followiDg  briet  report,  chieQy  Btatietical,  of 
theoperatiuna  of  the  Bureau  of  iDtecuatiuDal  Exuhanges  for  the  flacal  year  euiliog 
June  30,  1893; 

TABULAR   8TATBMBNT  OF  THK   WORK   Of   THE   BfRKAU. 

The  work  of  the  bareaa  for  the  year  is  succiticti  y  (jiven  in  the  annexed  table,  pre- 
pared in  a  form  adopted  in  preceding  reports : 
IVaMlii«lioN«  of  the  Bureau  of  International  Exehanget  during  the  fi»cal  year  18flZ-'9S. 
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For  compariHun  with  previous  years  I  aild  a  tabular  iitateioent  from  1886  ti 
inclasire,  by  nhiuh  the  growth  of  the  Hervico  ia  maile  apparent : 
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Tb«  expense  of  (he  ExcluDge  Bar«»a  an  met  in  pert  b;  direct  appropriktion 
bj  Coagrasa  and  in  part  by  appropriations  made  to  Goverament  DepartmaQb  or 
Boreaiin,  either  in  their  contingsat  faniU  or  in  apeciftc  terms  for  repayment  to  the 
Smithsonian  Institation  of  a  portion  of  the  cost  of  transportation.  In  1BT8  the  Board 
of  Regents  established  a  charge  of  5  cents  par  ponnd  weight  for  the  publications 
sent  ont  or  received  bj  the  various  OovernnMDt  baresas,  this  charge  being  necca- 
•ary  to  prevent  an  nndae  tax  upon  the  resouroee  of  the  tnatitntion,  as  the  appro- 
priations made  by  Cungreaa  have  never  been  sufflcient  to  meet  the  entire  cost  of  the 
serrioe.  For  similar  reasons  it  has  been  fonnd  necessary  to  make  a  charge  of  the 
same  amonnt  to  Htate  institutions,  and  from  theee  a   further  small  anm  has  been 

The  appropriatioD  made  by  Cunicress  for  the  fiscal  year  ie93-'93  waa  in  the  fol- 
lowiog tonne:  "For  expenses  of  the  system  of  international  exchangee  between  the 
United  State*  sad  foreign  conntriea,  under  th»  direction  of  the  Smitheonian  InsU- 
tntioD,  inclading  salaries  or  compensation  of  uU  necessary  employes,  twelve  thou- 
sand dollars,"  which  amount  was  supplemented  by  a  deficiency  appropriation  o( 
16,000. 

The  receipts  and  disbursemeota  by  the  accauoting  offlcer  of  the  Smitlisonian 
Institntion  on  account  of  interuational  exchangee,  nuder  dal«  of  July  1,  IS93,  cov- 
ering the  dscal  year  immediat«1y  preceding,  were  as  follows: 


Direct  appropriations  by  Congress (17,000.00 

Bepayraents  to  the  SmithsoDian  Institution  ftom  United  States  Govern- 

raent  Departments 1,396.64 

SUte  institutions 63.86 

Bepsyment  of  freight  advanced  for  New  South  Wales  government  board 

for  international  exchanges 23.50 

ToUl 18,483.99 
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The  foregoing  table  shows  that  the  entire  amount  received  bova  Government 
bureaus  and  other  sources  was  91,483.99,  making  the  sum  practically  available  for 
Uie  specific  purpose  of  exchanges  $18,483.99,  while  the  expenses  have  amoanted  to 
$18,518,25,  the  deficiency  of  $34.36  t>eiug  made  np  from  the  Smithsonian  Ibnd. 

For  the  year  1893-'93  an  ef>timat«  for  the  entire  expense  of  the  service  of  *23,000 
was  submitted,  this  sum  being  intended  to  include  in  a  single  apprppriatiion  varioni 
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email  items  in  difTflrent  sppropriatiun  billn,  ftud  also  an  item  of  42,000  to  cover  the 
expense  of  an  immediate  exchange  of  parliamentar;  dounmeata  with  the  conntrlea 
entering  into  the  treaty  of  Brusaels  iu  1886.  To  this  )att«r  treaty  for  the  immediate 
exchange  of  the  CongreaHional  Becord  no  effect  haa  yet  been  given  by  reason  of 
lack  of  funds.  The  amount  originally  appropriated  for  the  service  of  the  year 
1692-'93  wae  tl2,000,  tta  stated  above,  and  this  was  snbseqnently  increased  by  a 
deficiency  appropriation  of  $5,000  upon  nrgent  representation  of  the  need  of  this 
farther  amount  to  carry  the  work  through  the  year. 

COR  REBPO.VDKKTB. 

The  new  list  of  corresponaentit  begun  upon  small  ledger  cards,  January  1,  1892, 
has  proved  of  great  couvenieoce,  and  it  is  only  by  introducing  labor-saTine  devices 
ill  the  arrangement*  for  handling  the  records  that  it  has  been  at  all  possible  to  meet 
the  growth  of  the  service  with  the  smaUer  clerical  force. 

The  number  of  new  ledger  cards  on  July  1,  1892,  was  9,80)*,  and  on  Jane  30,  1893, 
16,340,  cluBSilied  ne  follows: 


Societies  UHl  InsOlatiDni 

IndivldusU I  J.3W  | 

Toul I         11,  »7*  f 


UiMl«r  the  treaty  of  Brussels  of  18B6,  the  text  of  which  was  given  in  full  in  the 
report  of  the  curator  of  excbanges  for  188T-'88,  the  exchange  of  the  official  publi- 
cations of  theUniteil  States  Government  with  other  countries  has  been  continued  by 
the  Institution,  and  it  now  forms  a  very  large  proportion  of  the  bureau's  work. 

The  entire  nnmber  of  publications  sent  abroad  during  the  year  under  the  provision 
of  the  act  of  Congress  of  March  2,  1867,  and  of  the  treaty  above  referred  to  was 
31,850,  and  there  have  been  received  in  return  5,196  packages.  The  United  States 
Government  Departments  have  forwarded  to  their  correspondents  abroad  16,074 
packages,  and  have  received  is  return  12,922  packages.  The  total  number  of 
exchanges  for  Government  libraries  has  therefore  been  16,118  packages  received  and 
47,924  packages  sent  abroad,  a  total  of  66,042  packages,  or  about  65  per  oent  of  the 
entire  number  handled. 

The  very  inadequate  return  for  the  great  number  of  documents  seot  out  is  in  part 
nndonbtedly  due  to  the  fact  that  no  other  country  publishes  on  snch  a  lavish  scale 
ae  our  own.  Direct  solicitation  made  by  a  special  representative  to  the  govemmeuta 
with  which  we  are  in  correspoudence  would  also  probably  result  in  a  considerable 
Increase  to  the  Library  of  Congress. 

The  exchange  on  account  of  Government  bureaus  is  shown  in  detail  in  the  follow- 
ing  table: 


^dbyGoogle 
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Slat^menl  of  Qovemvunt  esckangea  during  the  gear  tX9*-'9.1. 


Suitbaonlin  IiulltutiiHi 

Afltro-phjalcal  ObMrvatory 

Bureuiof  Etbnoldgy 

Bnnnii  of  latamntlaual  Ki- 


Matianal  Zoological  Tuk  ... 

V.  S.  Agrionltoral  DapartnH 

S.  Arm?  Medical  Hu»nn 


S.  Bnreauof  Edurali«n  ... 
S.ltixnBa<>fNavlgi>U<>ii... 
S.Bure«uufOrdnaDcii,KBi 

rean  of  OnliiBDCe,  Wi 
Deparbnent-...-  .... .. 


.   S.  Bnp 

Trvaaaiy  DeparbneDt 

U.  S.  CansDa  Office 

U.  S.  Coaat  and  Geodetic  Survey 
U.  S.  CoiuDilBaioner  of  Weigh  U 

oDdMeasDrea ! 

,  Comptroller  of  the  Car-  i 


S.  CongreaaiODal  Library 

CT.  3.  Department  of  Jiutlce 

C  S.  Department  of  Labor 

S.  Engineer  Office 

S.  EntomoIoglcatConiniliisioD 
r.  S.  Fiah  Comuiiaalon 


elved 

1.13a 

1U7 

, 
J 

Bent 

Received      Sent 


r.K.GoDendLuidOffl( 


tr.S,G«lot!icalSorv«y 

Tr-S-BydrogmpliloOlHcie 

U.S. Indian  Affair. Offloe 

U.S.  Interior  BepartmeDt. . . . 

I 

r.&Ugbt^HoaM  Board 

n.  S.  Marine- Hoepltal  Sorvko 

I 

U.S. National  Academy 

U.S.NationalBonrdorHealtb. 

U.S.  Rational  Muaenm 

U.  S.  Kantical  Almanac  Office 
U.  8.  Naval  Observatoi? 

z 

U.  S  SurBMn-Gene™r»  Office 

.  » 

U.  S.8urgeon-General'«0fHce 

U.S.Treaanry  Deportment... 
D.  S.  War  Department 

u 

-  rr-rr 

1  be^  to  call  attention  to  the  iniBKtisrActoij  Htatu  of  the  exchaoKe  relations  tvith 
eoveral  countrieti.  n  condition  of  aifiiirH  wbfcli  can  porbapn  in  some  instaDces  be 
lemodiert  \>j  pro)>eT  representatious  thriiii);h  iliplomutio  vh.inDcla.  The  traDsinisiiion 
of  exchanges  to  Greece  lias  been  entirely  suspenileil,  a  lettut  having  been  received 
from  the  librarian  of  the  United  National  and  UnirerHitj  Libraries,  formerly  acting 
ai  the  meilium  for  distributint;  publicntionH,  rei|iiestin);  that  with  the  exception  of 
their  own  exchangex  no  fnrther  boxes  be  forwarded,  on  account  of  the  expense 
attending  the  distribution  of  the  packages,  Corrospondeiico  has  been  opened  with 
a  viow  to  establishing  a  new  eitchange  relation,  but  so  far  without  siicceea.  All 
transmisaioiis  to  Brazil  and  Chile  were  for  a  time  SHHpunded,  owinu  to  the  unsettled 
conditionof  these  conntries.  With  Mexico  our  exchange  relations  are  also  extremely 
nnBatiBfactorj'.  Correspondents  in  Nicarngna  meet  with  what  wonld  seem  to  be 
unreasonable  delay  in  receivingpackages  addressed  to  them,  and  I  regret  to  state 
that  the  Oovemment  authorities  at  Calcutta  have  declined  to  receive  and  dispatch 
packages  addressed  to  other  than  Government  officials.  On  the  other  hand,  very 
efficient  international  exchange  I)nreau8  are  now  nuder  Government  auspices  in 
New  South  Wales  ond  Urngnay. 

Referring  to  clerical  details  of  tlie  office  work,  it  sceuiH  deniruhlu  to  keep  before 
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the  minds  of  SmltbeoniaD  correapoadents  the  system  offtoconntiagfor  the  material, 
often  of  cooaiderablo  value,  tliat  pusses  tbroagh  tbe  axchan{(e  offlce. 

Under  the  name  of  each  individual  or  Bociety  sentUug  or  receivinf  a  package 
tbrongh  tbe  eiohaoge  bureau,  on  account  of  all  such  packages  is  kept,  with  the  date 
of  transmission  and  of  acknowledgment.  It  was  fonud  pos-tible  to  abbreviate  aom»- 
whatthe  records  made  upon  the  cards  used  for  the  piirpoao,  and  a  much  smaller  caTd 
was  liroagbt  into  use  on  January  1,  1892,  thereby  greatly  facilitating  the  work  of 
the  record  room.  A.  further  saving  was  effected  by  giving  the  "invoice  nnmbem" 
only  for  the  packages  upon  the  receipt  cards  transmitted  with  tbe  packageH,  as  a 
means  of  identilicatioD.  Attention  is  called  by  a  printed  notice  upon  the  outside  of 
the  package  to  this  invoice  number,  which  must  be  carefully  compared  witb  that 
upon  the  receipt  card,  and  the  latter  is  to  be  returned  promptly.  All  these  receipts 
are  oarefiilly  arranged  and  liled. 

Only  by  such  abbreviation  of  tbe  records  was  it  possible  to  carry  tbe  eiobange 
work  through  the  year  in  tbe  face  of  a  curtailed  appropriation  by  Congress.  Tbe 
clerical  force  was  reduce<1  by  dro|>ping  three  clerks  and  two  packers  from  the  roll, 
though  at  tbe  end  of  tbe  year,  when  tbe  deficiency  appropriation  became  available, 
a  part  of  the  force  was  temporarily  restored,  to  be  again  reiliiced  when  the  flscal  year 

Notwithstanding  these  retluctioiis  1,036  more  paukagei  were  handled  during  1892.- 
"SS  than  in  the  previous  year,  and  at  the  end  of  Jane  only  73  packages  remained  on 

I  take  mnch  pleasure  in  bearing  witness  to  the  efficiency  of  the  employes  in  the 
exchange  offlce  and  in  ospressLng  appreciation  of  their  efforts  to  keeii  up  with  the 
added  volume  of  work  iu  spite  of  the  unavoidable  reduction  in  the  force  to  handle 
it,  and  I  beg  leave  to  call  to  your  notice  the  careful  attention  to  the  Interests  of  tbe 
Institution  on  the  part  of  ilj<  special  agents  abroad.  Dr.  Felix  Flllgel,  in  Leipzig,  and 
Messrs.  William  Wesley  &  Son,  in  London. 

Grateful  acknowledgments  are  also  due  to  the  following  transportation  compa- 
nies and  others  for  their  continued  liberality  in  granting  the  privilege  of  free  freight 
or  in  otherwise  assisting  in  the  transmission  of  exchange  parcels  and  boxes,  white 
to  other  firms  thanks  are  due  for  reduced  rates  of  transportation  in  consideration  of 
the  disinterested  services  of  the  Institution  in  the  diffusion  of  knowledge. 

SKRVtCB   IB 


d'Almoirim,  Baron,  Royal  Portuguese  consul-general.  New  York. 
American  Boanl  of  Commisaionors  for  Foreign  Missions,  Boston. 
Anchor  Steamship  Line  (Henderson  Sc  Bro.,  agents),  New  York. 
Atlas  Steamship  Company  (Pim,  Forwood  &.  Co.),  New  York. 
Bailey,  H.  B.,  &  Co.,  New  York. 

Bocs,  C.,  consul-general  for  Sweden  and  Norway,  New  York. 
Bonlton,  Bliss  &  Dallett,  New  York. 

CalderoD,  Climaco,  consul-general  for  Colombia,  New  York- 
Cameron,  R.  W.,  &.  Co.,  New  York. 
Baltaizi,  S.,  consnl-general  forTnrkey,  New  York. 
Compagnie  G^n^rale  Transatlautiqae  (A.  Forget,  agent),  New  York. 
Cunard  Royal  Mail  Steamship  Company  (Vernon  H.  Brown   &.  Co.,  agents).  New 

York. 
Eapriella,  Justo  R.  de  la,  consul-general  for  Chile,  New  York. 
Hambarg-American  Packet  Company  (R.  J.  Cortis,  manager).  New  York. 
Hensel,  Bnickmana  &  Lorbacher,  New  York. 
Mantez,  Jo»£,  consul-general  for  Urugnay,  New  York. 
Jfuiioz  y  Espriella,  New  York. 

Digitized  by *^30t)QlC 
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NHvigazione  (ieDerale  ItaliaDO  (Pbelpn  HriM.  &,  Cu.),  Hew  York. 

Tfetherlanilii  American  Steaiu  Xavitpitiou  Company  (W.  H.  Yanileo  Toom,  agent). 

New  York. 
North  German  Lloyil  (ageuts:  OelricbR  Sl  Co.,  New  York;  A.  ^hntuacher  &  Co., 

Baltimore). 
Obarrio,  Melchor,  coD>tal-<;«neral  for  Bolivia,  New  York. 
Pacific  Mail  Steamship  Company  (H.  J.  Bal}ny,  snperiDtetideut),  New  York. 
Pioneer  Line  (R.  W.  Cainurou  &,Co.),  New  York. 
Perry,  Ed.,  &.  Co.,  New  York. 

Pomares,  Mariano,  conBal-general  for  Salvador,  New  York. 
Red  Stnr  Line  (Peter  Wright  &,  Sons,  agentH),  New  York  and  Pbiladelpbia. 
KOhJ,  C,  consul-general  for  Argentine  Republic,  New  York, 
Eojal  Danish  Consul,  New  Yorli. 
Bniz,  Domingo  Tj.,  consul-general  for  Ei-uailor. 

Stewart,  Alexander,  consul-general  for  Paraguay,  Washington,  It.  C. 
Toriello,  Enrique,  consul-general  for  Guatemala,  New  York. 
White  Croea  Line  of  Antwerp  (Fnnch,  Edye  &,  Co.),  New  York. 

LIST    OF    THE    CORRESPONnKNTS    OK  THE    eUIrHS<INIAN  THROUGH    WMOM    IKTEKXA- 


Algeria:  Bureau  Franfaia  iles  £cbanges  Intern^tiouaux,  Paris,  France. 

Argentine  Republic :  Muaeo  Nacional,  Bueuoa  Ajret. 

Austria  Ilnngary :  Dr.  Felix  Fltigel,  No.  1,  Robert  Schuuisnn  Straase,  Leipzig,  Ger- 

Brazil:  Bibliotheca  Nacional,  Rio  Janeiro. 

Belgium:  Commission  des  ^changes  Intemationaiix,  Rue  du  MuM'e,  No.  5,  BniaeelB. 

Bolivia:  University,  Chuquisaca. 

British  America:  HcGill  College,  Montreal,  and  Geological  Survey  Office,  Ottawa, 

British  Colonies:  Crown  Agents  for  the  Colonies,  London,  England. 

British  Guiana:  Tlie  Observatory,  Georgetown. 

Cape  Colony :  Colonial  Secretary,  Cape  Town. 

China:  Dr.  D.  W.  Doberck,  Government  Astronomer,  Hongkong;    for  Shanghai: 

Zi-ka-wei  Observatory,  Shanghai. 
Chile:  Museo  Nacional,  Santiago. 
Colombia  (U.  S.  of) ;  National  Library,  Bogota. 
Costa  Rica:  Institute  Fisico-geogrllfiro  Nacional,  San  Jone. 
Cuba:  Dr.  Frederico  I'oey,  Calle  del  Rayo,  19,  Habnna,  Cuba. 
Denmark:  Kungelige  Danske  ViilenKkabemes  Selakab,  CopeDhagon. 
Dutch  Gniana:  Snrinaamscho  Kotoniaale  llibliotheek,  Paramaribo. 
East  India:  Director  General  of  StoreH,  India  Office,  London, 
EcuMlor:  Observatorio  del  Col egio  Nacional,  Quito. 
Egypt:  Soci^t^  Kh^diviale  de  Gi^ograpbie,  Cairo. 
Franco:  Bureau  FranfaiH  des  ^changes  Inlernatiouaux,  Paris. 
Germany :  Dr.  Felix  Hiigel,  No.  I,  Robert  Scbaniunn  Straaao,  Leipzig. 
""""  "-'"ain  and  Ireland:  William  Wesley  *  Son,  28  Essex  utreet,  Stroud,  Londou. 

i:  Instituto  Nacional  de  Guatemala,  Guatemala. 

;>e:  (£ce  France.) 

:r6taire  d'etat  des  Relations  ExtiSrieiires,  Port'au- Prince. 

:  Bibliotheca  Nacional,  Tegucigalpa. 

[celands  Stiptisbokasitfn,  ReykjarSk. 

)lioteca  Nazionale  Vittoria  Emanuele,  Rome. 

iniater  of  Foreign  AiTaire,  Tokyo. 

#  Holland,) 

Liberia  College,  Monrovia. 

Director-General,  Army  Medical  Department,  Loudon,  England. 

M  Madeira.)  ,  -  i 

Coogle 
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Hauritins;  Royal  Society  of  Arta  and  SoieocM,  Port  Loals. 

HozambiqiiB:  Sociedad  He  Geografla,  Mozambique. 

Uexico;  Packagea aant  by  mail. 

New  Caledonia:  Gordon  &  Gotch,  London,  England. 

N«wfonndland :  Postmaster-Oennral,  St.  Johns. 

New  Soath  Wales:  Government  Board  for  International  Kxchangea,  Sydney. 

Netherlands:  Bnreaa  Soientillquo  Central  Niierlandais,  Den  Heldcr. 

New  Zealand:  Colonial  Mnsenm,  Wellington. 

Norway;  Kongelige  Norske  Frederiks  Universitet.  Cbristiania. 

Paraguay :  Gorenunent,  Aannf  ion. 

Peru:  Biblioteca  Naoional,  Lima. 

Philippine  Islanda:  Boyal  Economical  Society,  Manila. 

Polynesia:  DepBrtment  of  Foreign  Affairs,  Honolulu. 

Portugal:  Blbliotheca Nncional,  Lisbon. 

Qaeenelaod:  Government  Meteorological  Obaervatory,  Brisbane. 

Roumanla:  (Se«Gormany.) 

Bnssla:  Coraniiiwian  Russe  des  ^changes  Intemationaux,  Ribliothi>qne  Imp^riale 

Publiqne,  St.  Petersbatg. 
St.  Helena:  Director-General,  Army  Medical  Department,  London,  England. 
Sao  Salvador:  Muaeo  Macional,  Son  Salvador. 
Serria:  (5b«  Germany.) 

South  Australia:  General  Post-Office,  Adelaide. 
Spain:  R.  Aeaderala  de  Cieoeias,  Madrid. 

Sweden:  Kongliga  Svenaka  Vetenskaps  Akadenien,  Stockholm. 
Switzerland:  Central  Library,  Bern. 
Tasmania:  Royal  Society  of  Tasmania,  Hobsrtou. 

Turkey:  American  Board  of  Commissioners  for  Foreign  Missions,  Boston,  Mass. 
Uruguay :  Oficina  de  Dcptisito,  Repartn  y  Canje  Internaeional,  Moutevedio. 
Venezuela:  University  Library,  Caracas. 
Victoria:  Pnblic  Library,  Hasenm  and  National  Gallery,  Melbourne. 

7Va)>miM«i(m  0/  exchanget  to  foreign  eountrit*. 


February  1:  Jnne  IT,  SO.IBK). 

July  II,  Aii);iiat  4.  16,   SepEembEr  3.  T,  »,  October  7,  KoTembar  II,  23, 
I>e«inb«'  13,  ISSZi  Junary  T,  Felirnarj-  IB.  Marsh  IK.  22.  April  1,  W,  Ul^ 
IT.  31,  June  T,  26,  lgS3. 
.1  AugaatS,  Sept«inb<T  6.  October  20.  16111^  H arch  IT,  June  13.  34,  18B3. 

Botivia Febmary  I.IBW. 

Braail I  Febmary  l.Jnn*  IT.  1803. 

BHUah  Colonies i  SeplemberB,  Oclober  12,  MoTemberlS.  18*2;  January  IB,  Pebrnaty  K.  April 

I      8,  26,  May  20.  Jane  5.  27,  1803. 

Cape  Colony October  22,  IBWi  June  22, 18»a. 

Cbini I  September  14,  Ig92|  Febmary  T,  June  IT,  1W3. 

Chils Febmary  1,  June  IT,  1893. 

Colombia I  February  I,  June  17,  18S3. 

CoataKlOB I  Febmary  4.  JnoeSO.  18S3. 

Cuba I  February  4.  April  10,  June  20.24. 1««3. 

Denmark |  AngualS.  October  24,  1882;  April  28,  June  22,  IBBS, 

Dntch  Guiana :  Febnury  I.  lSt3. 

East  India -!  September  IS.  1802)  Febmary  a.  Ig». 

Eeaaaar I  February  I,  June  IT,  I88a. 

^ypt '  I>ecembn23,  im2|  June  22, 1W3. 

France  and  Colontea...   Jnly  14,  21,  Ausnat  S.  24,  Scplnmber  8,  22,  t>ci 
December  2.  lU2i  January  14,  February  2! 
I      Uar  U,  June  3,  »,  1BB3. 


24,  April  4, »,, 

Co  Ogle 


REPORT  OF   THE  ACTING   MANAGER    OF   THE    NATIONAL   ZOOLOGICAL 
PARK  FOR  THF,  YEAR  ENDING  JUNE  30,  1893. 

Sir  :  I  have  the  honor  to  sabmit  the  folloiriiig  report  of  the  opetktionB  of  ths 
National  Zoolo|[ical  Pork  for  the  fiscal  year  endjiiit  June  30,  1893. 

By  act  of  Congreu  dated  Aagnat  6,  1S92,  the  sam  of  $50,000  wm  appropriated  to 
maiotatn  aud  improve  the  park.  As  no  provision  was  made  by  this  act  for  the  par- 
clioae  of  animals,  calcnlations  vceremade  as  to  the  coat  of  inaintaiDingthe  o<dlectian 
already  on  band  and  plana  for  fnrther  improvement  were  based  npon  the  balaoM 
then  available.  The  bu£Eala,  elk,  and  other  native  wild  antmalB  have  naturally 
received  the  meet  attention.  Effort  has  been  made  to  place  tbeu  aa  &r  aa  poMible 
in  natural  conditions  by  extending  the  paddocks  asaigned  to  them.  While  it  has 
not  been  practicable  to  give  them  large  ranges,  many  acres  in  extent,  oa  was  M 
first  intended,  since  it  ia  now  found  desirable  that  they  be  kept  where  they  can  b« 
readily  viewe<l  by  the  public,  yet  the  incloaures  are  of  considerable  siie.  The 
accompanying  engraving  represents  a  group  of  buffalo  now  in  the  Park. 

In  the  preceding  year  it  waa  necessary  to  place  in  the  large  animal  house  the 
auimala  requiring  heat,  although  that  house  was  still  in  an  anfiniahed  state.  During 
the  present  year  it  has  been  completed,  except  the  onter  cages,  and  a  tile  roof 
baa  been  substituted  for  the  temporary  one.  The  plans  for  the  house  contem- 
plated additions  to  the  main  structure,  and  as  more  room  was  urgently  needed  and 
the  available  funds  were  inHUfflcient  for  a  stone  addition,  a  frame  extension  has  bren 
boilt  conforming  to  the  original  plan  in  size  and  form.  A  row  of  permanent  csgM 
occupies  either  side  of  this  eit«DHioii  and  a  large  tank  in  the  middle  of  the  roDin 
accommodates  aquatic  animals.  By  this  means  it  has  been  possible  to  give  theaniwala 
comfortable  and  suitable  quartern  where  they  can  l>e  easily  seen  by  the  pnblic.  It 
is,  however,  a  matter  of  great  regret  that  the  entire  stmctnre  was  not  built  of  eton* 
and  nothing  bnt  pressing  necessity  can  excuse  the  erection  of  the  present  extension. 

On  the  meadiiw  upon  the  right  bank  of  the  creek  paddocks  have  been  inclosed 
and  a  small  thatched  bam  built  to  shelter  a  small  herd  of  llamas.  These  animali 
were  purchased  last  year  in  South  America  through  the  kindness  of  Col.  W.  P- 
Tisdel,  of  the  Bureau  of  American  Republics. 

The  plan  subniitted  by  the  landscape  architects  provided  for  a  large  pond  t<x 
waterfowl  and  other  aquatic  animala  at  the  bend  of  the  creek  below  the  bridge. 
This  pond  has  been  excavated,  but  fencing  and  shelters  are  needed  before  animtl' 
can  be  pnt  in  it. 

The  principal  road  through  the  pork  was  last  year  completed  only  to  the  bill  is 
front  of  the  buffalo  hoiiae.  From  this  point  to  the  park  limit,  near  ConnecticK' 
Avenue  Extended,  an  old  wood  road  had  been  used,  but  it  was  of  too  ateep  a  gndc- 
A  new  road  has  therefore  been  projected  and  begnn.  This  road  will  wind  aronnd 
the  spurs  of  the  hill  sloping  downward  toward  Kock  Creek,  bringing  to  viewioioe 
of  the  most  beautiful  natural  scenery  of  the  park,  and  as  it  will  lead  by  ewf  "^ 
gradual  ascent  toward  the  roads  that  connect  the  western  entrance  with  the  Wood- 
ley  road  it  can  not  foil  to  be  a  favorite  and  much  frequented  drive. 

There  is  great  need  of  some  easier  access  to  the  park  than  now  exists.    From  tli> 
H 
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Rock  Cteek  Rftilna;  at  oither  end  of  the  pork  to  tlie  ftnimal  honse  is  half  a  mile, 
and  from  the  Fourteentb  atreet  oac  line  a  still  greater  dlataoce.  Thia  is  a  aerions 
incouveaienoe  to  loany  people,  partioalarlj  the  aged  and  ln6rm,  who  have  only 
this  means  of  reaching  the  park.  For  carriages  the  Qnany  road  is  fai  too  narrow 
and  very  steep,  the  grade  being  9  per  cent  in  eome  plaoee. 

Dnring  the  year  the  District  authorities  improved  this  road  considerably,  prop- 
erly grading  and  guttering  it  and  bnilding  a  suitable  tiidewalk.  While  this  is  a 
great  improvemeDt,  the  grade  of  the  road  in  sach  that  it  can  never  be  suitable  for  • 
principal  avenne  of  access.  It  is  possible  that  when  the  projected  improvement  of 
Kenesaw  avenue  is  completed  that  some  amelioration  of  this  condition  nay  ensne. 
There  seems  to  be  uo  reason  why  streetcars  shonldnotfind  ready  access  to  the  pork 
by  this  route. 

The  unexpected  number  of  visitors  made  it  essential  to  increase  the  oajMcity  of 
the  bridge  and  to  protect  foot  passengers  who  use  it.  Footways  have  accordingly 
beea  added  to  the  original  strncture.  These  are  not  wideeuoogh  to  properly  accom- 
modate the  public,  but  are  as  wide  as  is  consistent  with  the  safety  of  the  structure. 

The  offices  of  the  pork  remaiu  in  the  dilapidated  house  known  as  the  Holt  man- 
sion. When  the  park  was  first  projected  it  was  expected  that  the  superintendent 
would  reside  on  the  premises,  and  this  building  seemed  tooiferasnitableresidence. 
The  experience  of  the  last  two  years  has  shown  that  that  plan  was  a  wise  one. 
There  should  iindoabtedly  be  some  one  always  at  hand  in  the  park  to  respond  to 
any  calls  that  may  be  mode  in  an  emergency.  Besides  this  the  park  is  never  closed 
to  the  public,  and  it  ia  therefore  desirable  that  the  Superintendent  should  be  always 
accessible.  During  the  past  year  aeveral  valuable  deer  have  been  attacked  by  dogs 
during  the  night  and  either  worried  to  death  or  injured  so  that  they  had  to  be 
killed. 

A  list  of  the  animals  now  in  the  pork  ia  herewith  submitted,  together  with  state- 
ments of  those  thathave  beeo  received  from  varioitH  soutcea.  A  few  aniiuala  have 
been  preaented,  among  the  most  notable  being  two  fine  wolf-bounds  from  Southern 
Russia  by  Mr.  Byron  O.  Daniels,  U.  S.  consul  at  Hull,  England;  an  alligator  over 
10  feet  in  length  by  Mr.  E.  S.  Schmidt,  of  this  city,  and  a  black  wolf  by  Mr.  R.  H. 
Middleton,  jr.,  of  South  Pittsburg,  Tenn.  These  gifts  are  properly  appreciated,  yet 
it  is  fonnd  that  increaaes  ftom  such  aources  con  not  be  depended  ou  to  keep  up 
the  <^oIlection. 

From  the  Yellowatons  National  Park  17  animals  were  received.  Theae  were  kept 
at  that  park  for  some  time  before  sfaipment.  and  were  then  transported  by  freight, 
in  charge  of  a  keeper.  Unless  animals  can  be  obtained  in  greater  numbers  it  will 
be  found  that  tliia  ia  a  very  expensive  and  precarious  method  of  obtaining  them. 

A  few  aoimala  have  been  loaned,  notably  a  tiger,  by  Mr.  J.  T.  McCaddun,  manager 
of  the  Adam  Forepangh  abows,  and  a  zebu  by  Mr.  A.  E.  Raudle,  of  this  city.  These 
are  subject  to  recall  by  tlieir  owners.  Although  such  animals  do  not  become  the 
property  of  the  park,  yet  an  opportunity  ia  afforded  of  exhibiting  them  for  a  con- 
siderable time  for  the  mere  expenae  of  their  oaro  aud  feeding. 

The  provisions  of  the  appropriation  were  such  that  no  animals  could  be  purchased 
during  the  year,  and  a  number  of  fine  opportunities  for  acquiring  specimens  was 
thns  lost. 

A  few  animals  were  born  in  the  park,  among  which  were  a  bison,  a  deer,  two  elk, 
and  a  llama. 

The  losses  by  death  have  been  considerable,  amouuting  to  aa  mnch  as  20  per  cent 
of  the  entire  collection. 

The  total  number  of  animals  now  on  hand  is  004,  being  an  increaae  of  56  over  the 
uomber  on  hand  at  the  lltst  of  the  yeur. 
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Cuter  Mimke  (EutoniaiirlaHt) 

'Water  •nak«  (IVgpidiiiu>fu(  (ipdlDn) . 
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Uarmoaet  . 
lllack  woir. 
Grayfoi... 


GulDsapl)  .... 

Rabbit 

Himalayan  rabli 
Gray  nquiirol. . 

Opounoi 

Sparrow  hawk. 


Great  bomeil  owl... 


Golden. winged  wood- 

Klngflaher 

UuckliiK'bird 


C.O.Chen«ult,NeirOrle«Ba.L« 

It. M.MiddlBlon.Jr., Sooth  PltUborg.Tenn 

Dr.  T.  M.  HjiieBiMi,  Korfolk.  Ta 

F.  F.  Cooper,  Staffordu  Slore,  Tft 

J,R.WillUme.W»ihine«oB.D.C 

Joa.  Scbults  itad  F.  S.  Sbnonds,  ff  HblD^bo,  D.  C 

C.O.Chenaall.ll'ewOTlekni.La 

SoperlDlendent  Rock  Creek  Rwy.,  Waahington,  D.  C . . . . 

Lee  Kerr  and  Eagene  Pence.  Colambla  FaUa,  Uont 

W.H.UcClaln,GreenviIle,UiBa 

B.  K  Sanndera, 'Waabington,  D.  C 

Hon.  B.G.DBnieli.U.  3.  cenaul  at  Hull,  England 

.    F.  M.  Thomett.  Anicoetla,  D.  C 

Hal  tenorth.  WashlDgtOD,  D.  C 

.    R.B. Clarke, WBi.hfnKt<ra,D.C 

umor,Waahlngtoll,D.C 

.    F.C.  Weaver,  Wasblnglon.D.C 

.    J.D.Uotey,Wai>blngtDn,1>.C 

W.  U  Appiob,AlBiiindria.Vii 

F  L.  Thomu,  AabtoD,  Md  

.    Cl.C.Ntcbob,CaKnovla,N.Y 

.    P.W.SkiouoriWMhlngton.D.C 

.    FnDk  Belles,  Cbocoma  Falls,  K.H 

do 

m  Brotbem,  Lyncbburg,  Va 

J.  U.  French,  Brislerabnrg,  Ta 

Mre.  Carpenter,  Washington,  D.C 

Hlia  J.  B.  Cray.  Krederioksbarg.  Va 

U.  It.  C.  Sptveeaer,  WaBbingtflnD.C 

BBackoey  and  Saaie  Uatbewa,  Wublngteii.  D.  C. . 

C,  K.  IngerHll,  U.  S.  Flib  CofarolHion 

J.  F.  Edward*.  Waabington.D.C 

[r.Loefflor,  WaihlngtoD,  D,  (J 

-T.Rhodea,  WaahlDgton,  D.  C... 

[on,  Benjamin  HarriaoD,  Wathington.  D.  C 
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lI.  Q.  Larmer.  WoihlDgton. 

I.  6neD,  Wuhincton.  D.  C... 
.    Taylor  BniUwn.  Wubington. 
.   £.W.TuiDiiT,  WuhiDgii>ii,D.C... 
.   J.  A.Baker,  WMbington, 

1,  Wublngbin,  D.  C... 
P.  CarltoD,  ^^Mhtnglon, 

.|  D.C.H«Tl*>n,U.S.GooloKic»18i 


Mi*.D«rU.W«hit)gWn.D.C ! 

Do 

Hog-no-ed  iDkke 

GBrtOTBIUke 

F.  S.  W»lmuii,Wii.hlngloii.  D.  C 

J.  E.  BI»«iott,  WMhlnaton,  D.  C 

F.  C.  WMron*,  WMhlnglon,  D.  C 

ANIMALS  JIKCEITED  IN  EXCHANOK. 


S««clved  from. 


8.  Sobmld.  WublBStoD,  V.C.. 


AnimaU  born  in  ik»  .Valionat  Zoological  Park. 

ADi«rioaD  bison  (£i«an  americainti) 1 

Virginia  deer  (Cariacui  tirgiitiana*)  . 1 

American  elk  (Cerrut  oanadeHgii) 2 

RiiwiaD  wolfhounds  {Canit  familiarU) 6 

UeA  foi.  (Vuipta fulvm) 6 

Swift  or  kit  fox  {Vutpe»  velox) 4 

lAam^  (Aitekenia  glama) I 

Peccary  {Dicolylea  tajofu) 5 

CrMted  porcnpine  (Hysfrix  crieiola) 1 

OpoMum  (Didtlphgi  virginiana) 6 

AnimaU  captured  in  th»  Jfaiiottal  Zoological  Park. 

Opowam  ( Didelphgi  virginiana) 3 

Hog.Dosed  snake  (Btlerodon  platsrhiitiu) 1 

Water  Huake  ( Tropiil^tnotut  tiptiv*) 1 

r.tizec  by  Google 
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Lltuna  (JiKkMria  gl»ma),  through  Col.  W.  P.  Tisdel,  of  the  Boreaa  of  Amerioan 

Rapublio* 8 

Xifl  ^aaimult  received  from  tht,  TelUttBilona  National  Parle. 

Red  fox  (Fulpaa  fuliHu) 2 

Cinnamon  bear  (Urtat  amerioo»K») S 

BlsokbeoT  (Urm»  amtricanui) 3 

Badger  ( Taxidta  ammcana) , 1 

Hnledeer  (Coriaen*  waorolU) 1 

Amerioan  elk  (Certfin  oanadentit) 4 

Beavw:  {CoMlor  oanadetitit) 1 

Poronpine  {Erelhison  doriatua) 1 

SUMMARY  OF  ACCRSSIOKa. 

Animals  presented 86 

Animals  loanvd M 

Animals  received  in  ezcliange 4 

Animals  purchased 8 

Animals  bom  in  the  Zoological  Park 80 

Animals  captured  in  the  Zoological  Pork 4 

Animals  received  from  YeUowstone  National  Park 15 

Total  accessions 251 

Nnmber  of  animals  on  band  June  30,  1893 448 

Aooeaaions  daring  the  jrear  ending  JnneSO,  1893 251 


Animab  on  hand  Jnne  3* 
Respectfully  submitted. 
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Apprndix  V. 
ASTRO.PHY8ICAL   OBSERVATORY. 

At  preaent  the  astro-phyBical  obaervktory  ia  under  tlie  immediate  directfon  of 
tbe  Socretatf ,  bat  owing  to  tbe  pnwsare  of  other  occupntioDs,  the  conduct  of  tba 
work  ia  detail  has  lain  largely  in  tbu  Uandb  of  Mr.  P.  L.  O.  Wftdswortb,  wlio 
received  the  appeiutment  of  senior  asstHtantoD  October  10,  and  to  whose  efficient  aid 
tbe  Secretary  ia  pleased  to  acknowledge  his  obligation. 

The  general  w»tk  of  the  observatory  for  the  year  has  pertained  to  the  inveatigk- 
tioD  of  tbe  inA'a-red  portion  of  the  spet^trom,  briefly  referred  to  last  year,  and 
described  in  general  in  the  body  of  my  report.  It  may  conveniently  be  classified 
nnder  three  general  beads : 

A.  General  apectro-bolographic  work. 

B.  Special  spectre- bo lographic  work. 

C.  Inatrumental  'n'ork,  including  mnnufnctnre  of  new  apparatiut  and  the 
perfection  of  old. 

A-  The  generul  holographic  work  of  the  year,  (whii^b  can  be  carried  on  onI>*  when 
the  sky  is  uoobsciired  by  clonds  or  haze),  is  summed  np  as  follows: 

(A  "  Bologrnpb"  ia  au  autonutlic  reproduction  of  tbe  euecgjr  curve,  mad«  by  the 
new  process.) 
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Angust..... 

September. . 

Narember . . 
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- 
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LTe^lengtli  appu^tiu. 
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SDUHARY: 

roUl  namberofila^savallabln  (i.e.,  of  anoBh  Ins  days)  for  botoiuolric  vork 81 

roUl  number  of  bslograpba  taken: 

(li  With  glass  pnsm 114 

m  With  rock-salt  pri am M 

(3)  WltbgialiBg t 

Total -i.,;.........L.,..17i 
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Complete  records  of  all  of  tboM  bolograpliio  curves  faavo  been  kept  in  the  book 
specially  proTi del)  for  that  paipose,  and  from  thembjauotber  automatic  process  are 
produced  tbe  linear  spectra  of  wbich  an  illustration  followB.  As  elsewhere  stated, 
the  reenlt  of  the  year's  work  has  been  the  discovery  and  approximate  determination 
of  position  of  about  150  or  200  new  lines  in  this  hitherto  almost  unexplored  region. 

The  accompanying  lllnstration  of  one  of  the  "rock-salt"  spectra  of  the  i*FigiiU 
spectrnm  obtained  by  the  new  process  is  intended  to  give  a,  (funeral,  if  crude,  idea  of 
the  novelty,  the  extent,  and  (it  may  be  hoped)  the  value,  of  tbjs  field  of  labor. 

Tbe  visible  solar  Rpectmm,  first  investigated  by  Sir  Isaac  Kewton,  is  represented 
OS  to  its  length  by  the  blank  apace  on  tbe  left;  the  number  ,4  (I.  «.,  tbe  part  wbere 
wave-lenttth  is  four-tenths  of  a  micron)  and  .8  (i.  e.,  the  part  where  wave-leugth  is 
eighth-tenths  of  a  micron)  representing  tbe  extremities  of  tbe  solar  spectrum  aa 
known  to  him. 

Below  this  all  is  invisible,  and  tbe  investiKatiouB  made  at  this  Observatory  by  the 
novel  holometric  methods  here  referred  to  bare  been  cbietly  instrumental  in  carrying 
the  mapping  of  lines  to  6.0  (six  microns),  or  through  nearly  thirteen  times  tbe  extent 
known  to  Newton.  The  great  majority  of  all  tbe  linos  which  fill  this  space  have 
been  discovered  and  laid  down  by  the  new  holometric  method,  and  most  of  them 
here  in  Washington  iluring  the  lost  two  years. 

B.  The  special  holographic  work,  which  is  carried  on  during  the  cloudy  weather, 
dnring  which  the  regnlar  work  is  necessarily  interrupted,  includes  the  classiG cation, 
detailed  examination,  and,  finally,  the  reduction  of  the  holographs  taken  to  linear 
representatives  of  tbe  infra-red  spectrum,  in  which  the  final  result  is  a  line  photo- 
graph wbich  is  precisely  similar,  as  far  as  automatic  reduction  processes  nill  admit, 
to  the  line  spectrum  photographs  of  the  visible  part  of  the  spectrum.  Owing  to  the 
labor  involved  in  this  reduction  it  has  been  deemed  desirable  to  apply  this  process 
of  reduction  only  to  tbe  best  of  the  holographs  taken.  The  result  of  tb is  portion  of 
tbe  work  is  briefly  summed  up  as  follows: 

Lint  ipeclraiH  photographs. 
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These  repnwent  complete  Hue  spectrum  charts  of  the  invisible  portio 
■peotrnm  down  to  about  2-6/1  for  the"' -^  ""  for  the  rook  Mlt  ptism.  > 
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While  tbie  numbecaeemBHrnall  in  comparisoD  trlth  tfaa  whole  number  of  holo- 
graphs taken,  it  uevertheleaH  representa  even  more  work.  In  this  partionlor  work 
tho  hiatory  of  the  year  is  one  of  continual  change  nntl  Improvement  and  man;  of 
the  bolc^raphs  of  the  earlier  part  of  the  year  have  been  reduced  by  three  different 
processeH,  each  of  which  tnvolvea  three  distinct  photographic  step*,  and  in  oonae- 
qneuoe  thu  39  final  line  spectruu  pkotographe  itand  for  more  than  200  ftniebed 
photographs,  and  an  many  more  which  aro  experimental. 

After  a  large  amount  of  experimental  work,  a  process  bos  finally  been  perfected 
whicti  is  fairly  satisfactory,  and  has  been  udoptml  provisionally  as  a  working 
method.  ExpeTiments,  however,  are  still  in  progress  with  a  view  to  further  modifi- 
cation and  improvement. 

In  addition  to  this  bolometric  work  proper,  experiments  on  three  special  mathoda 
of  investigation  of  the  iofra-reil  spectrum,  have  formed  a  considerable  portion  of 
the  year's  work ; 

(1)  Preliminary  experimenia  on  the  measurement  of  wave- lengths  in  the  invisible 
spectrnm  by  interference  methods. 

(2)  Experiments  on  pbotogiaphing  the  invisible  spectrum  by  the  aid  of  phos- 
phorescent fllma. 

(3)  Preliminary  experimeuts  on  bolometric  investigation  of  the  infra-red  normal 
(grating)  spectrum. 

I.  During  the  month  of  July,  1892,  a  series  of  preliminary  eiperimenta  waa  made 
OQ  a  method  of  measurement  of  wave-lengths  in  the  invisible  spectrum,  wiih  special 
reference  to  the  estnblisbDient  of  a  few  datnm  points  with  great  accurary.  The 
apparatus  employed  for  this  purpose,  which  was  kindly  lent  by  Clark  llniveraity, 
was  a  modilicatiou  of  tho  inferential  wave  comparer  used  with  so  much  success  by 
Prof.  Michelson,  in  the  establiahment  uf  a  wave-length  standard. 

As  the  method  uf  working  was  eutirely  new,  considerable  time  was  required  to 
put  the  apparatus  in  working  order.  Some  prelinilnnry  results  were  obtained  in 
the  regiou  just  above  "  A,"  by  Mr.  Wodsworth,  iu  whoso  hands  I  placed  it,  but  the 
work  was  inlerrnpt^d  by  his  departure  for  Paris,  and  has  not  since  been  resumed. 
The  accuracy  and  practicability  of  tbiH  methwl  of  determining  wave-leugtha  has, 
however,  been  demonstrated,  and  it  is  hoped  time  will  be  found  in  the  near  future 
to  contiuuc  this  work. 

II.  During  the  month  of  October  1  made  a  number  of  experimeuts  to  determina 
the  practicability  of  photographing  the  infra-reil  epcctrnm  directly  with  the  aid  of 
phoeporesceiit  films. 

After  couniilerable  experimentation  on  the  best  mothoil  of  working,  a  number  of 
photographs  of  the  invl8il>le  portion  of  the  spectrum  extending  as  far  as  wave-lengtb 
1-5(1  were  thus  obtained.  Although  the  detail  is  very  much  toss  than  that  obtained 
by  the  bolometer,  the  method  is  valuable  in  furnishing  a  general  check  on  the 
results  of  tlie  more  analytical  method.  With  greater  care  in  the  preparation  of 
films,  still  better  restils  could  be  obtained.  Other  films  sensitive  to  heat  rays  were 
tried,  particularly  those  containing  a  salt  of  mercury,  but  without  adequate  results. 

III.  During  the  winter  months  of  January  and  Pebinary,  iu  which  regular  bolo- 
metric work  was  almost  eutirely  interrupted  by  bod  weather,  attention  waa  devoted 
to  the  theoretical  investigation  of  a  method  of  bolometri  colly  investigating  the  nor- 
mal grating  spectrum,  the  essential  feature  of  which  waa  the  employment  of  a 
"lifting"  prism,  by  the  use  of  which  the  superposed  spectra  were  to  be  avoided. 

After  determination  of  the  best  instrumental  conditions,  provisional  apparatus 
was  constructed  and  installed,  and  a  few  experimental  iMlographs  taken.  The 
approach  of  good  observing  weather  then  necessitated  its  removal.  A  paper 
describing  the  method  and  containing  the  ensentinl  resnlts  of  the  investigation  of 
the  instrumental  conditions  has  boen  prepared  for  publication. 

C.  What  might  almost  be  said  to  have  been  the  chief  work  of  the  Observatory  for 
the  year  has  been  the  improvement  of  the  apparatus  and  instrumental  conditioas 
of  working,  iOt)Qlc 
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of  deliaaay ;  (3)  in  the 


The  lines  of  developmeDt  have  t 
Inoretwe  of  stability  and  sccaracy. 

With  a  view  to  inoTeased  delicacy  much  time  has  beeo  devoted  through  the  j-eaf 
to  the  improvemeDt  of  the  galvanometer. 

During  the  absence  in  Europe  of  the  present  senior  assistant,  be,  by  my  direction, 
devoted  two  weeksexelueively  to  this  work,  and  the  elements  of  three  galvanometen 
wore  constructed  after  his  design,  two  by  Nalder  Bros,  and  one  by  Elliott  Bros. 
After  his  return,  the  work  of  improvement  of  my  earlier  designs  for  the  old  galvan- 
ometer and  of  the  new  ones  was  at  once  begnu.  Pending  the  completion  of  the  new 
galvivnometers,  the  improvement  of  the  three  old  ones  alr«adf  in  use  was  nndertakei^ 
and  the  delicacy  of  each  was  more  than  doubled.  Up  to  date  only  one  of  the  new 
galvanometers  has  been  completed,  and  this  owing  to  the  iutrodnction  of  an  almost 
nnprecedeotodly  light,  magnetic  system,  and  through  other  improvements,  has  been 
found  to  be  about  33  times  more  delicate  than  the  best  of  these  previously  Id  um. 

This  degree  of  deljoacy  will,  it  is  probable,  be  exceeded  by  one  of  the  two  remain- 
ing forms,  bnt  lack  of  time  has  prevented  further  improvement  at  present.  Ind«ed 
the  conditions  of  use  at  present  are  such  as  to  render  only  about  one-tenth  of  this 
increased  delleacy  available,  and  only  a  new  laboratory  will  enable  the  full  inoreaee 
of  delicacy  to  be  perfectly  utilized. 

An  abb  re  viat«(l  statement  of  the  galvanometer  work  for  the  year  is  appended: 


(Old) 

While  (old)  AllrgbuD}'  patleru. 

Qneen  (old) 

Elliott  BnH.  special  deilgD  new 
Nalder  Bros,  apectal  d«si)[n  ne* 


Do... 


O-OODOOOODItO 


New  CO 


It  which  dadHts  lnugo  oi 


llimetre  at  dlituiCB  of  1  nutra,  wben  tbs  Uidb  of  s 


IFutlslly  flDiabed. 

For  use  in  these  new  galvanometers,  the  laboratory  has  received  during  the  year, 
alot  of  very  fine  quartz  libers,  mode  to  special  order  by  Prof.  C.  C  Hatohins,  and 
some  very  small,  light,  and  accurate  coucave  mirrors  fVom  J.  A.  Brashear,  the  nse  of 
which  in  the  new  galvanometer  has  been  already  referred  to.  A  very  conaiderable 
improvement  in  the  mechanical  steadiness  of  this  part  of  the  apparatoB  has  also  been 
eETected  by  mounting  the  whole  galvanometer  in  a  massive  metal  ease,  which  rests 
on  a  BericB  of  stone  blocks  placed  one  above  another  and  separated  from  each  other 
by  sheets  of  rubber.  In  spite  of  these  precautions,  the  vibrations  dne  to  passing 
teams  and  wagons  are  at  times  utill  very  troublesonje. 

(2)  The  improvement  in  the  other  parts  of  the  apparatus  has  been  mainly  in  the 
direction  of  increased  accuracy.  Tlie  sidcrostat  has  been  provided  with  a  new  elec- 
tric control,  by  means  of  which  inaconracius  of  runiiing  may  be  quickly  compensated 
for  from  inside  the  building.  Considerable  improvement  baa  also  been  effected  in 
the  minor  parts  of  the  instrument,  but  it  still  needs  to  be  thoroughly  overhauled. 
The  changes  for  which  there  is  most  pressing  need  are  the  remounting  of  the 
equatorial  axis  on  ball  bearings  and  the  construction  of  a  new  governor  for  the  clock. 

The  spectro-bolomcter  and  its  acrcssories  is  that  part  of  the  train  of  apparatus 
which  has  undergone  the  most  radical  change.  The  principal  changes  which  have 
been  made  in  its  construction  and  working  during  the  past  year  are: 

(1)  The  adoption  of  a  reflecting  mirror  secured  to  the  prism  and  revolving  with 
it,  which  has  rendered  it  possible  to  fix  both  the  spectro- bolometer  slit  and  the 
bolometer  itself  in  position,  thereby  avoiding  the  hh  of  a  long  revolving  Aim, 
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This  device  penniteofindefinite  extcDBiOD  of  tbe  bolometer ttrm,  and  coDseqnently 
the  Tedoction  of  the  angular  value  of  the  bolometer  strip  to  a  veiynilnate  quantity. 

(2)  The  proTieioa  of  a  nen  odjaatable  tangent  arm  for  slowly  rotating  the  oxia 
of  the  speotro-bolometer  with  great  accnracy. 

(3)  The  adoption  of  a  new  system  of  clock-work  for  eynchronoaely  driving  this 
tangent  arm,  and  the  photographic  plate  on  which  the  galvanometer  record  is 
taken,  in  place  of  the  two  independent  driving  clocks  before  need. 

(t)  The  mounting  of  all  parts  of  the  spectro-bolometer  on  rigid  iron  or  stone 
BQpporta. 

The  improvements  in  the  method  of  working  whieb  have  accompanied  these 
improvements  in  apparatus  are: 

(1)  The  subatitntion  of  glass  plates  for  flexible  films  for  the  photographic  records. 
The  irregnlni  errors  due  to  shrinkage  of  the  fllm  have  thus  been  eliminated  and  the 
eubsequeut  photographic  processes  rendered  much  easier  by  reason  of  the  greater 
facility  of  handling. 

(2)  The  reduction,  and  in  some  cases  almost  entire  elimination,  of  the  "drift"  by 
the  nse  of  a  water-jacket  about  the  fixed  bolometer  cose,  together  with  careful 
attention  to  all  the  electrical  details  of  the  bolometer  and  galvanometer  connections, 
and  the  snbBtitntion  of  storage  battery  cells  for  the  Daniel  cells,  formerly  used  to 
snpply  the  carrent  to  the  bridge  circuit.  The  "drift,"  however,  stiU  remains  a 
source  of  great  trouble  and  1  expect  to  secure  its  elimination  only  (if  at  all)  by  the 
establishment  of  nniform  temperature  conditions,  which  it  is  impossible  to  obtain  in 
the  present  laboratory  (at  least  during  the  summer  months). 

The  laboratory  building  itself  has  been  considerably  improved  during  the  past 
year.  A  small  annex,  which  is  used  as  a  photographic  dark  room,  was  erected  in 
the  spring  of  1893,  and  has  greatly  facilitated  the  photographic  work  of  the  obser- 
vatory. During  the  Bummer  a  small  air-cooling  plaut  wae  placed  in  the  basement, 
and  served  not  only  to  Increase  the  comfort  of  the  observers,  but  also  to  secure 
more  favorable  conditions  for  the  work  then  beiug  carried  on  with  rock  salt. 

During  the  post  year  the  observatory  also  fitted  up  a  small  instrument  shop  for 
the  constTuction  and  repair  of  its  apparatus,  comprising  an  instrument-maker's 
lathe,  built  to  my  special  order,  a  small  planer  from  the  Hendley  Machine  Company, 
and  a  fairly  complete  stock  of  small  tools,  and  stock  material.  A  dynamo,  for  sup- 
plying current  to  the  observatory  for  chargingthe  storage  batteries  and  to  the  shop 
foi  poner  purposes,  was  also  purchased  and  temporarily  placed  in  the  National 
Husenm.  Owing  to  the  lack  of  suitable  qnorters  the  shop  has  not  yet  been  perma- 
nently located,  bnt  occupies  a  temporary  shed  south  of  the  Smithsonian  building. 

The  important  piocee  of  apparatus  acquired  during  the  year  may  be  divided  into 
two  general  classes :  (1)  Physical  apparatus  of  precision;  (2)  accessory  apparatus. 

I.  To  the  former  class  belongs: 

(1)  Three  new  galvanometers  and  seta  of  galvanometer  colls  from  Elliott 

Brothers  and  Nalder  Brothers. 

(2)  Resutance  boxes  one  of  100,000  ohms  and  one  of  1,000  ohmg  fiom  Nalder 

Brothers. 

(3)  A  set  of  fine  quartz  fibeiHjfirom  Prof.  C.  C.  Hntohina. 

(4)  Six  file  galvanometer  mirrors,  A'om  J.  A.  Brashear. 

(5)  One  large  glasB  prism,  from  J.  A.  Brashear. 

(6)  Two  large  glass  lenses,  from  J.  A.  Brashear. 

(7)  Two  new  large  rock  salt  lenses,  from  M.  E.  Kahler. 

(8)  A  oollection  of  valuable  rock  salt  crystals,  from  Germany. 

(9)  Three  new  Vit-milo meter  bolometers,  troai  Grnnow. 

(10)  One  large  24.inch  camera,  a  fine  Boss  lens,  and  a  complete  photographio 

ontfit,  from  Scoville  &.  Co. 

(11)  A  new  tangeut  arm  for  spectro-bolometer,  f^om  J.  A.  Brashear. 

(12)  A  new  prism  holder,  with  large  glass  flat,  fitiin  J.  A.  Brouhear.  < 
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II.  AcoeMory  apparatna : 

(1)  A  complete  iuBtrmnent-maker'a  lathe,  with  otitfit  of  tools  and  ehnaks. 

(2)  A  SO-inch  hand  and  power  plaaer  for  metal  work,  with  ohnck,  et«.,  from 

the  Hendlej  Hachiae  Companf. 

(3)  A  40-light  incandeBceot  dynamo,  with  rheoatata,  etc.,  from  Westing- 

house  Electric  Company. 

(4)  A  one-half  horae  power  motor,  from  Akron  Electric  Company. 

(5)  A  oue-fourth  horae-power  water  motor  and  Sturtevant  preasure  &n,  with 

accessory  apparatus  for  cooling  the  air  of  the  Obserratory. 
The  total  value  of  the  apparatus  purchased  during  the  year  was  about  $3,000. 

MINOR  WOBS  OF  THE  TEAR. 

In  addition  to  Hr.  Wadsworth'a  work  with  Prof.  Michelson  in  the  eetahllshment 
of  the  length  of  the  atandard  meter  in  terms  of  the  wave  length  of  light,  at  the 
International  Bureau  of  Weights  and  Meaaurea,  reference  to  which  hoa  already  been 
luade,  the  following  special  work,  which  has  been  done  during  the  year,  may  be 
mentioned: 

(1)  The  preparation  of  a  complete  series  of  line-shaded  drawings  of  the  principal 
pieces  of  apparatux  in  the  observatory  on  a  scale  requisite  to  show  their  detailed 
coDHtruotion. 

(2)  The  preparation  of  a  series  of  enlargements  of  moon  photographs  from  the 
Kenwood  and  Lick  observatorieg,  photographs. 

(3)  Experiments  in  temperature  and  radiutiou  work. 

During  the  latter  part  of  the  year  preliminary  experiments  were  begun  and  carried 
on  at  intervals  looking  to  the  systematic  preparation  for  another  extended  research, 
which  1  bave  proposed  to  soon  begiu  to  determine  the  physical  relation  between 
temperature  and  radiation.  The  experiments  have  mostly  been  directed  to  the 
establishment  of  a  satisfactory  source  of  temperature  and  means  of  measuring  the 
eame.  The  various  apparatus,  etc.,  fur  the  prosecution  of  this  work  at  an  early  data 
has  either  been  ordered  or  already  iustutled. 

(1)  Some  further  atteinpts  have  been  made  at  solar  photography,  bnt,  as  the 
experience  of  lost  year  concluaivuly  showed,  the  atmospheric  conditions  here  in  the 
city  are  very  unfavorable  to  any  satisfactory  work  in  this  direction. 


The  force  of  the  Observatory  consists  of  a  Senior  assistant,  and  on  instmment- 
maker,  and  an  assistant  instrument-maker .  During  the  past  year  the  Observnlvry 
has  also  had  at  ditferent  times  special  assistants,  among  whom  I  wish  to  acknowl- 
edge the  assistance  of  Mr.  J.  0.  Hubbard,  to  whose  photographic  skill  several 
improvements  of  this  part  of  the  work  are  due. 
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Apfbmdix  VI. 

HEPOKT  OF  THE  LIBEARIAN  FOB  THE  YEAR  ENDING  JUNE  30, 1893. 

Sir:  I  havu  tbe  bonor  to  submit  barewith  a  report  apon  the  operatiouH  of  the 
library  of  tho  Smithsonian  Institution  during  tbe  fiscal  year  endinf;  June  30,  1893. 

The  work  of  reoording  occeBaiona  has  been  conducteil  08  in  the  procodiug  years. 
The  entry  numbers  In  tbe  accession  book  extend  from  246, 110  to  268,  386. 

Tbe  following  table  sbowa  tbe  number  of  volumes,  parts  of  volumes,  pamphlets, 
and  eliarts  received  during  tbe  year: 

PublicatUmt  received  helweea  July  1,  1S9!,  and  June  SO,  IS93. 


Part*  of  volaniM 

Punphlela 

TqW I        29.488 

Of  these  publieations,  272  volumes,  6,981  parts  of  volumes,  and  821  paniphleta, 
8,074  in  all,  were  retained  fur  use  in  tho  U.  S.  National  Mnsonm. 

Nine  hundred  and  aixty-tbree  medical  diaBcrtatioua  were  deposited  in  the  library 
of  tbe  Surgeou -General  U.  S.  Army;  tbe  remaining  poblications  were  sent  to  tbe 
Library  of  Congress  on  the  Monday  after  their  receipt. 

Id  carrying  out  tbe  plan  formulated  by  tho  Secretary  for  iucreasing  the  library 
by  exchanges,  781  letters  asking  for  pablicatioos  not  on  our  list,  or  asking  for  num- 
bera  to  complete  tbe  series  already  in  tbe  library,  have  been  written.  It  gives  me 
pleasure  to  report  that  as  a  result  of  this  cDrreapondonce  246  new  rxchanges  were 
acquired  by  the  Institution,  while  81  defective  series  were  completed,  eitber  wholly 
or  as  fur  as  tbe  publishers  were  able  to  supply  missing  parts. 

Since  this  plan  of  tbe  Secretary  was  first  formulated  in  1887,  4,512  letters  have 
been  written  with  a  view  of  increasing  the  number  of  periodicals  and  transactions 
of  learned  societies  iu  the  library  of  tbe  Smithsonian  Inatitntiou.  The  result  of 
this  work  has  bei-n  most  gratifying;  1,350  new  periodicals  have  been  added  to  ttie 
list  aud  900  defective  series  have  been  cither  completed  or  filled  out  as  far  as  the 
publishers  wure  able  txi  supply  missing  parts. 

The  reading  room  is  now  taxed  to  il-s  utmost  capacity ;  tbe  494  boxes  for  the  use 
of  scientific  periodical  litcratare  are  all  filled  and  periodicals  whioh  it  would  be 
desirable  to  keep  in  the  general  reading  room  must  t>e  placed  elsewhere  for  tack  of 
space.  The  reading  room  no  longer  has  sufflciout  accommodations  for  the  growing 
exchanges  of  the  Institution  nor  for  the  persons  desiring  to  consult  tlils  important 
collection  of  current  scientific  literature. 

Ever  since  1890  the  Secretary  has  called  attention  in  hie  annual  report  to  the  fact 
that  ttie  present  quarters  of  the  library  are  insufflcioat ;  the  natural  ezpaDaion  of 
tbe  library  has  beeu  prevented  by  the  fact  that  tho  rooms  adjacent  to  tbe  library 
were  occnpicl  by  the  bureau  of  international  exchangee.  It  will  be  possible  shortly 
to  assign  other  quarters  to  the  bureau  of  iuternationnl  exchangee,  nnd  plans  have 
been  prepared  for  book  sbolves  in  ono  of  the  room^  mode  vacant,  it  is  estimnUtd 
that  space  will  thus  be  secured  for  about  6,000volumes. 

In  addition  to  the  strictly  scientifio  liter^iture  \^luch  is  contained  in  the  rcadiut; 
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room,  tha  lit'irarf  nugazinea  a,n  also  on  file  and  their  use  by  the  offioers  and 
euployte  of  the  Inttitatiou  and  the  I4atiotial  Museum  is  coDstantlf  inoreaeiag. 
Below  is  a  comparative  statement  of  the  operation*  of  the  libmy  since  Juno  30, 


Number  Of  pMblication 

f«cd«tf. 

18W--91. 

2S,T» 

J,SS9 

1MS--M. 

TbuBM 

2.W1 
3.TW 

a  MS 

^^ 

duTu' 

' 

27,  aw 

S9.KS  1 

It  will  be  obMired  that  this  comparative  table  shows  a  slight  de<Tea«e  in  th« 
namber  of  publications  received  during  the  current  year  over  the  preceding  year. 
The  decrease,  however,  U  in  volumes,  and  is  due  to  the  fact  that  the  limit  of  the 
posaibility  of  completing  series  of  pahlicatioas  by  eichauge,  seems  to  have  been 
reached. 

The  number  of  titles  for  the  past  year  shows  an  increase  of  almost  2,000  over  that 
of  the  year  preceding. 

The  following  table  shows  the  number  of  titles  received  per  year  for  the  past  six 
years : 

Nrnnber  of  title*  recdrtd. 

1887-'88 12,106 

ISSS-W -.- 11,370 

1889-'90 13,  .174 

1890-^1 18,  «S 

1891-TO 20,523 

1892-'93 22,276 

It  will  be  seen  from  the  al)ovo  table  that  the  unmber  of  titles  received  by  tbe 
library  has  almost  doubled  since  1887,  a  gratifying  fact,  yet  one  which  severely 
taxes  the  liiirary  force  in  tliv  reeonliug  and  arrangement  of  the  material  received. 

No  fewer  than  4,087  aclfnewlcilgiuents  of  i>ublicatione  were  made  by  the  poet  card 
and  other  printed  forms,  white  many  gifts  were  ac  It  now  I  edged  by  special  letter. 

Tlic  following  universities  have  sent  complete  sets  of  their  aoademie  publications, 
Inclndiug  inaugural  dishcrtations : 


Basel, 

Grrifrwald, 

LouvHin, 

Berlin, 

Halle,  A.  8., 

Lund, 

Rem, 

Heldelbnrg, 

Marburg, 

Bonn, 

Helsingfors, 

Strasburg, 

Uresluu, 

Jena, 

Tiibingeu, 

Dorpat, 

Johns  Hojikins, 

Utrecht, 

Erlangen, 

Kiel, 

Wurzburg 

J-reiburg,  Br., 

KonigHberg, 

Zurich. 

r.iesseu, 

Leipzig, 

On  Jaly  1.  1802,  Mr.  J.  Elfr<-th  Wntkine  wm 
library,  a  position  whirh  ho  held  unlit  Itie  Hi 
Decemlwr  1,  Mr,  N.  1'.  Scudder  wbh  ni-ting  I,il 
Very  respectfully,  ymirs, 
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Appendix  VII. 

KEPOBT  OP  THE  EDITOR  FOR  THE  YEAR  ENDING  JU\K  30,  1893. 

Sir;  I  have  tbeboDor  to  siilimit  the  followiug  report  upoQtlie  publicntioiiB  of  the 
SmithBonlau  Institution  for  the  year  endiog  June  30,  1893: 

I.   SMlTMilOS'IAN    t'DSTIimUTIONS  TO    KNOWLEDOB. 

Of  the  Volnme  xxvii  of  the  qunrto  aeries  of  "  ContribiitionB  "  (having  the  fieriol 
No.  839  In  the  SmiChsoaian  list  of  pnbtiFationa)  only  n  part  has  yet  been  iRsned, 
namely,  No.  801,  "Experiments  in  Aerodynamics,"  By  S.  F.  Langley.  This  ^aa 
incladetl  in  last  year's  list  of  publirations. 

No.  840,  "Life  Histories  of  North  American  Birds,  with  special  reference  to  their 
brtiedinx  habits,  and  ogga;  with  tn-elve  lithographic  plates."  By  Charles  Buudire. 
Quarto  Yolnmeofx-t-446 pages:  illustrated  with  12  plates  of  185 chromo-lithographic 
figures  of  birds'  eggs. 

No.84l.  "SniltlisoniaD  Contributions  to  Knowledge.  Volume  xxvlii."  Tbisvolume 
]s  entirely  oconpied  with  the  "Life  Histories  of  American  Birds,"  etc.,  just  above 
describetl.  Agrooalily  to  the  oHtablisliod  practice  of  the  Institution,  a  separate  edi- 
tiou  of  250  copies  of  the  worlf  han  been  issued  oh  No.  840,  for  special  distribution  to 
those  more  particularly  interested  in  the  snhjuct,  the  principal  edition  of  1,000 
copies  being  designed  for  deposit  with  the  loading  scientific  societies  and  publio 
libraries,  in  Continuation  of  the  series  of  "  Contribution"  volumes.  With  the  extra 
title-page  and  preliminary  matter  this  volume  comprises  xxi+446  pages,  illustrated 
with  12  cbromu-litliographic  plates. 

No.  842.  "  The  Application  of  Int«rference  Methods  to  Spectroscopic  Measurements, 
with  five  plates."  By  Albert  H.  Michelson.  Quarto  volume  of  24  pages;  illustrated 
with  5  plates. 

11.    SMITHSONIAN    MISCEI.LAKKOUS   CI)Ll.ECTIONS. 

No.  843.  "The  Mechanics  ofthe  Earth's  Atmosphere.  A  collection  of  Translations, 
by  Cleveland  Abbe."    Octavo  volume  of  324  pages;  illustrated  with  46  figures. 

No.  814.  "Smithsoniau  Meteorological  Tables."  Octavo  volume  of  lii+262  pages. 
This  work  will  form  the  lirst  part  of  Volume  x.yxv  of  the  ''Miscellaneons  Collec- 
tions," which  volume  is  not  yet  completed. 

No. 849.  "Smtthsouian  Miscellaneous  Collections,  Volume  xxxi v."  Tbis  volume 
contains:  Article  1,The  Tonor  Lectures.  Lecture  IX. — Mental  Overwork  and  Prema- 
tnre  Disease  among  Fnblic  and  Professional  Men.  By  Charles  K^  Mills,  m.  d., 
January,  1885.  Article  2,  Transactions  of  the  Anthropological  Society  of  Washing- 
ton, Volume  iir,  November  fi,  1883— May  19,  188.'),  1886.  Article  3,  Index  to  the 
Literature  of  Colnmbinm,  1801-1887.  By  Frank  W.  Traphagen,  i-ii.  d.,  1888.  Arti- 
cle 4,  Bibliography  of  Astronomy  for  the  year  1887.  By  William  C.  Winlock,  1888. 
Article  5,  Bibliography  of  Chemistry  for  the  year  1887.  By  H.  Carrington  Bolton, 
1888.  Article  6,  The  Toner  Lectures.  Lecture  x.— A  cliuical  study  of  the  sknll. 
By  Harrison  Allen,  m.  v.,  March,  1890.  Article  7,  Index  to  the  Literature  of  Ther- 
modynamics. By  Alfred  Tuckerman,  pti,  j>.,  1890.  Article  8,  The  Correction  of 
Sextants  for  Errors  of  Eccentricity  and  Graduation,  By  Joseph  A.  liogoiB,  1890. 
Article  9,  Bibliography  of  the  Chemical  luflnonceof  Light.  By  Alfred  Tuckerman, 
PH.  D.,  1891.    Article  10,  The  Mechanics  of  the  Earth's  Atmosphere.    A  collection 
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of  TronsUtioDS,  by  Cleveland  Abbe,  1891.  The  whole  forau  aTo)nmeof  v+lOGl 
pagee:  JUoBtrated  with  69  figurea. 

No.  850.  "A  Select  Bibliography  of  ChomiBtry,  U92-1893."  By  Henry  Carringtoa 
Boltoa.    Octavo  volonie  of  xiii+12t2  pages. 

No.  851.  "Smithsonian  MiBcellaaeoiia  Collections.  Volume xxxvi."  Thisvolnme 
consists  of  a  single  work:  the  "Select  Bibliograiihy  of  Chemistry"  Jnst  above 
described,  KO  copies  of  the  bibliography  having  been  issaed  as  an  independent  book, 
and  1,000  copies  (with  additional  title  page)  as  the  36th  volume  of  the  "  Hiscella- 
neoos"  series,  for  libraries  and  aooieties.     Octavo  volome  of  xviil-t-1312  pageiS. 

No.  652.  Tables  of  natural  siues  and  co.sines,  tangents  and  co-tangents,  together 
with  naeful  physical  constants,  etc.     Octavo  pamphlet  of  8  pages. 


No.  845.  "  Report  of  S.  P.  Langley,  Seeretory  of  the  Smithsonian  Institution,  for 
the  year  ending  June  30, 1892,"  to  the  Regents  of  the  Institution.  Octavo  pamphlet 
of  iii+83  pages.    Illustratod  with  5  figures. 

No.  846.  "Report  of  the  National  Museum,  annual  report  of  the  Board  of  Regents 
of  the  Smitbaooian  Institution,  showing  the  operations,  eipenditures,  and  condition 
of  the  Institution  for  the  year  ending  June  30,  1890."  This  volonie  comprises  five 
eectioiis:  I.  Report  of  the  assistant  secretary  of  the  Smithsonian,  G.  Brown  Ooode, 
In  charge  of  the  National  Museum,  upon  the  condition  and  prospect  of  theUnsenm; 
11.  Reports  of  the  cnrators  of  the  National  Museum  upon  the  progress  of  work  dar- 
ing the  year ;  III.  Papers  deacribiug  and  illustrating  the  collections  in  the  Museum ; 
IV.  Bibliography  ofpnblicatiens  and  papers  relating  to  the  Museum  during  the  year ; 
and  V.  List  of  accessions  to  the  Museum  during  the  year.  The  whole  forms  on  octavo 
Tolunie  of  xviii-|-811  pages,  illustrated  with  163  platus  aud  99  figures. 

No.  848,  the  Smithsonian  report  to  July  1,  18!ll,  and  No.  853,  the  Maseum  report  to 
July  1,  1891,  have  not  yet  been  receiveil  from  the  Public  Printer. 

IV.   RBPORT3  OF   THE   BUREAU    OP   ETHNOLOGY. 

No.  847.  "Seventh  Annual  Report  of  the  Bureau  of  Ethnology  to  the  Secretary 
of  tbeSmithsonianlnstitutiou,  ISS5, 1886:"  By  J.  W.  Powell,  DireotOT.  This  volume 
contains  the  introductory  report  of  the  director  (27  pages),  together  with  accom- 
panying papers,  to  wit :  "  Indian  Linguistic  Families  of  Aiuerica  north  of  Mexico," 
by  J.  W.  Powell;  "The  Midewiwin  or  'Grand  Medicine  Society'  of  the  Ojibwa,"by 
W.  J.  Hoffman;  "The  sacred  Formulas  of  the  Cberokees,"  by  James  Hooney.  A 
royal-octavo  volume  of  xliii  +  409  pages;  illustrate  with  39  figures  in  the  text, 
and  26  plates,  of  which  2  are  maps,  and  6  are  chromo-bthograpbs. 

Respectfully  submitted. 

W.  B.  Taylor, 

Mr.  S.  P.  Lang  LEY. 

Seerelari)  of  the  SnUksonian  Jnititittion, 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
Smithsonian  lostitatioa  is  to  furnish  brief  accounts  of  scientific  discov- 
ery in  particular  directions;  reports  of  investigations  made  by  collab- 
orators of  the  Institution ;  and  memoirs  of  a  geoeral  charact«r  or  on 
special  topics  that  are  of  iiit^srest  or  value  to  the  numerous  correspond 
ents  of  the  Institution. 

It  lias  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law,  with  memoir?  illustrating  the  more  remarka 
ble  and  important  developments  in  physical  and  biological  discovery, 
as  veil  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purposehas,  during  the  greater  part  of  its  iiistory,  been 
carried  out  largely  by  the  publication  of  such  pajwrs  as  would  imssess 
an  interest  to  all  attracted  by  scientific  i>rogreNs. 

In  1880  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summar-y  of  progress  whicli  lor  thirty  years  previous  had  been 
issued  by  well-kuowu  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  promi- 
nent features  of  recent  scientific  progress  in  astronomy,  geology,  meteor- 
ology, physics,  chemistry,  mineralogy,  botany,  Zi>oIogy,  and  anthropol- 
ogy. This  Iatt«r  plan  was  continued,  though  not  altogether  satisfac- 
torily, down  to  and  including  the  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  eiirlier  method  of 
presenting  a  miscellaneous  selection  of  pai>ers  (some  of  them  original) 
embracing  a  couHiderable  range  of  scientific  investigation  and  discus- 
sion.   This  method  bus  been  continued  iu  the  present  report,  ibr  1893. 
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THE  WANDERINGS  OP  THE  NOltTR  POLE.- 


By  Sir  Robert  Ball,  K.  li.  8. 


On  a  recent  visit  to  Cambridge,  Prof,  Barnard,  tbe  discoverer  of  the 
fifth  satellite  of  Jupiter,  exhibited  at  tbe  Cuvendisb  Laboratory  his  most 
interesting  colle<^tion  of  photographs  made  at  tbe  Lick  Observatory. 
These  pietnres  were  obtained  by  a  6-inch  photographic  lens  of  3  feet 
focus,  attached  to  an  ordinary  equatorial,  the  telescope  of  which  was 
nsed  as  a  guider  when  it  was  desired  to  obtain  a  picture  of  tbe  stars 
with  a  long  exposure.  Amoug  the  advantages  of  this  process  may  be 
reckoned  the  large  field  that  is  thereby  obtained,  many  of  the  plates  tliat 
he  exhibited  being  as  much  as  4  degrees  on  the  edge.  I  am  however 
not  now  going  to  apeak  of  Barnard's  marvellous  views  of  the  milky  way, 
nor  of  the  plate  on  whicli  a  comet  was  discovered,  nor  of  the  vicissitudes 
of  Holmes's  comet,  nor  of  that  wonderful  picture  in  which  Swift's  comet 
actually  appears  to  be  producing,  by  a  process  of  gemmation,  an  ofl'* 
shoot  which  is  evidently  adapted  for  au  independent  coinetary  exist- 
ence. The  pii;ture  to  which  I  wish  specially  to  refer  in  connection  with 
our  immediate  subject  is  one  in  which  the  iustnimeutwas  directed 
towards  the  celestial  iwle.  In  this  particular  ease  the  clock-work  which 
is  ordinarily  employed  to  keep  the  stars  acting  at  the  same  poiut  of  the 
plate  was  dispensed  with.  The  telescope,  in  fact,  remained  fixed  while 
the  heavens  rotated  in  obedience  to  the  diurnal  motion.  Under  these 
circumstances  each  star,  as  minute  after  minute  passed  by,  produced 
an  image  on  a  different  part  of  the  plat«,  the  consequence  of  which  was 
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The  effect  thus  prodaced  was  that  of  a  number  of  circular  arcs  of 
varying  sizes  and  of  difl'ereot  degrees  of  briglitness.  Most  conspiea- 
OUB  amongst  theui  was  the  trail  produced  by  the  actual  polar  star 
itself.  It  is  ^ell  knowu,  of  course,  that  though  the  situation  of  the 
pole  is  conveniently  marked  by  the  fortunate  circumstance  that  a 
bright  star  liappened  during  the  present  century  to  lie  in  the  immedi- 
ate vicinity  of  the  veritable  i)ole,yet,  of  course,  this  star  is  not  actually 
at  the  pole,  and  consequently,  like  all  the  other  stars,  Polaris  itself 
must  be  revolviug  in  a  circle  whereof  the  center  lies  at  the  true  pole. 
The  brighter  the  star  the  brighter  is  the  trail  which  it  produces,  so 
that  the  circle  made  by  Polaris  is  much  more  conspicuous  than  the 
circles  produced  by  the  other  stare  of  inferior  luster.  It  is  however 
to  be  noted  that  some  of  the  faint  stars  lie  mneh  closer  to  the  pole  than 
Polaris  itself.  There  is  indeed  one  very  minute  object  so  close  to  the 
liole  that  the  circle  in  which  its  movements  are  performed  seems  very 
little  more  than  a  point  when  represented  on  the  screen  on  which  the 
slide  was  projected.  The  interesting  circumstance  was  noted  that  there 
ajipeared  to  be  occasional  interruptions  to  the  continuity  of  the  circular 
arcs.  This  was  ilue  to  the  fact  that  clouds  liad  interposed  during  the 
intervals  represented  by  the  interruptions.  A  practical  application  is 
tlius  suggested,  which  has  been  made  to  render  useful  service  at  Har- 
vard College  Observatory.  Every  night,  and  all  night  long,  a  plate  is 
there  exposed  to  this  particular  part  of  the  sky,  and  the  degree  in 
which  the  Pole-.star  leaves  a  more  or  less  complete  trail  affords  an  indi- 
cation of  the  clearness  or  cloudiness  of  the  sky  throughout  the  course 
of  the  night.  From  the  positions  of  the  parts  where  the  trail  has  been 
interrupted  it  is  possible  not  only  to  Icarn  the  amount  of  cloudiness 
that  has  prevailed,  but  the  imrticular  hours  during  which  it  has  lasted. 
This  interesting  system  of  concentric  polar  circles  affords  us  perhaps 
the  most  striking  visual  representation  that  could  jmssibly  be  obtained 
of  the  existence  of  that  point  in  the  heavens  which  we  know  as  the 
pole.  The  picture  thus  exhibited  was  a  striking  illustration  of  the 
Copernican  doctrine  that  the  diurual  stellar  movement  was  ind^  only 
apparent,  being  of  course  due  to  the  rotation  of  the  earth  on  its  axis. 

Suppose  that  a  photograph,  like  that  I  Lave  been  describing,  were  to 
be  taken  at  intervals  of  a  century,  it  would  be  found  that  the  center 
of  the  system  of  circles,  that  is  to  say,  the  veritable  pole  itself,  was 
gradually  changing  on  the  heavens.  I  donotbythis  mean  that  the 
stars  themselves  would  be  found  to  have  shifted  their  places  relatively 
to  each  other.  No  doubt  there  is  some  effect  of  this  kind,  but  it  is  an 
insignificant  one,  and  need  not  at  present  cmcern  us.  The  essential 
I>oint  to  be  noticed  is,  tliat  the  stars  which  happen  to  lie  in  the  vicinity 
of  the  pole  would  have  a  chauged  relation  to  the  pole  in  consequence 
of  the  fact  that  this  latter  ]Kiint  is  itself  in  incessant  movement.  At 
the  present  time  the  pole  is  ndviiiiiing  in  such  a  direction  that  it  is 
getting  nearer  to  the  Pole-star,  so  that  the  actual  circle  which  the  Pole- 
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star  is  deBcribing  is  becoming  less  and  less.  The  time  will  come  when 
the  circle  which  this  star  performs  will  have  reached  its  l()we8t  dimen- 
sions, but  still  the  pole  will  be  moving  on  itf<  way,  and  then,  of  course, 
the  dimensions  of  the  circle  traversed  by  the  Pole-star  will  undergo  a 
corresponding  increase.  As  hundreds  of  years  and  thousands  of  years 
roll  by  the  pole  will  retreat  farther  and  farther  from  the  Pole  star,  so 
that  in  the  course  of  a  period  as  far  on  in  the  future  as  the  foundation 
of  Kome  was  in  the  past,  tlie  pote  will  be  no  longer  sufBcieutly  near 
the  I*oIe-8tar  to  enable  the  latter  to  render  to  astronomers  the  peculiar 
se'rvicea  which  it  does  at  present. 

Looking  utill  farther  ahead,  we  find  that  in  the  cour.se  of  about  twelve 
thousand  years  the  pole  will  have  gained  a  position  as  remote  as  it 
possibly  can  from  that  position  which  it  now  occupies.  This  most  criti- 
cal point  in  the  heavens  will  then  lie  not  far  from  thestar  Vega,  the 
brightest  point  in  the  northern  sky,  and  then  it  will  commence  to  return, 
so  that  alter  the  lapse  of  about  twenty-live  thousand  years  the  i>ote 
will  be  found  again  in  the  same  celestial  neighborhood  where  it  is 
to-night,  having,  inthemeantime,  traversed  a  mighty  circle  through  the 
constellations.  In  all  this  there  is  no  novelty;  these movements^f  the 
pole  are  so  conspicuous  that  they  were  detected  long  before  the  intro- 
duction of  aecurate  instruments.  Tliey  were  discovercil  so  far  back  as 
the  time  of  Hipparehus,  and  the  cause  of  them  was  assigned  by  New- 
ton as  one  of  the  triumphs  of  his  doctrine  of  universsil  gravitation.  In 
giving  the  title  of  "  The  Wanderings  of  the  North  I'ole"  to  this  paper 
I  did  not  however  intend  to  discourse  of  the  movements  to  which  I 
have  hitherto  referred.  They  are  so  familiar  that  every  astronomer  has 
to  att«iid  to  them  pra^^tically  in  the  reduction  of  almost  every  observa- 
tion of  the  place  of  the  celestial  boily.  It  was  however  necessary  to 
make  the  reference  which  I  have  done  to  this  subject  in  order  that  the 
argument  on  which  we  are  presently  to  enter  shouhl  be  made  suffi- 
ciently clear.  It  must  be  noted  that  the  expression  "the  North  Pole  " 
is  ambiguous.  It  nmy  mean  either  of  two  things,  which  are  quite  dis- 
tinct. In  the  case  we  have  already  s^wken  of,  I  understand  by  the 
North  Pole  that  iMiint  on  the  celestial  sjiherc  which  is  the  center  of  the 
system  of  concentric  circles  dtiseribed  by  the  circnmpolar  stars.  The 
other  sense  in  whicli  the  North  Pole  is  used  is  the  terrestrial  one;  it 
denotes  that  point  on  this  earth  which  has  been  the  gosd  of  so  many 
expeditions,  and  to  reach  which  has  been  theambition  of  so  many  illus- 
trious navigators.  We  have  a  general  notion  that  the  terrestrial  North 
pole  lies  in  a  desolate  region  of  eternal  ice,  somewhat  relieved  by  the 
circumstance  that  for  six  mouths  of  the  year  the  frozen  prospect  is 
brightened  by  perpetual  day,  thongh  on  the  other  hand,  during  the 
remaining  six  months  of  the  year  this  region  is  the  abode  of  perpetual 
night. 

The  North  Pole  is  that  hitherto  unattainable  point  on  our  ghibe  on 
which,  if  an  observer  could   take  his  station,  he  would   find  that  t^hej 
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pheiiomenti  of  the  rising  and  the  setting  of  the  stars,  so  fniniliar  else- 
where, were  non-existent.  Each  star  viewed  from  the  coign  of  vantage 
offered  by  the  North  Pole  would  move  round  and  rouod  in  a  horizontal 
circle,  and  the  system  of  concentric  circles  would  be  directly  overhead. 
In  naidsummer  the  sun  would  seem  to  revolve  aronn<l,  remaining  prac- 
tically at  the  same  elevation  above  the  horizon  for  a  few  days,  until  it 
slowly  began  to  wend  its  way  downwards  in  a  spiral.  In  a  couple  of 
months  it  would  draw  near  the  horizon,  and  as  day  after  day  passed 
by  the  luminary  would  descend  lower  and  lower  until  its  edge  grazed 

'  the  horizon  all  round.  Th^setting'^f  the  sun  for  the  long  winter  would 
then  be  about  to  commence,  and  gradually  less  and  less  of  the  disk 
would  remain  perceptible.  Finally  the  sua  would  disappear  altogether, 
though  for  many  days  afterwards  a  twilight  glow  would  travel  round 
the  whole  hemisphere,  ever  getting  less  and  less,  until  at  last  all  indi> 
cations  of  the  sun  had  vanished.  The  utter  darkness  of  winter  would 
then  ensue  for  months,  mitigated  only  so  far  as  celestial  luminaries 
were  concerned  by  starlight  or  occasional  moonlight.  Doubtless,  how- 
ever, the  fitful  gleams  of  tlie  aurora  would  often  suffice  to  render  the 
surrounding  desolation  visible.  Then  as  the  spring  drew  near,  if, 
indeed,  sucli  a  word  as  spring  be  at  all  applicable  to  an  abode  of  utter 
dreariness,  a  faint  twilight  would  be  justdiscernible.  Tbe  region  thus 
illuminated  would  move  round  and  round  the  horizon  each  twenty-four 
hours,  gradually  becoming  more  and  more  conspicuous,  until  at  last  the 
edge  of  the  sun  itppeared.  Then,  by  a  spiral  movement  inverse  to  that 
with  which  its  descent  was  accomphshod,  the  great  luminary  would 
steal  above  the  horizon,  there  to  continue  for  a  period  of  six  months 
until  the  commencement  of  the  ensuing  winter.  Indeed,  the  actual 
duration  of  apparent  summer  would  be  somewhat  protracted  in  conse- 

'  quence  of  the  eti'ect  of  refraction  in  raising  the  sun  visually  above  tbe 
horizon  when  in  re^dity  it  was  still  below.  The  result  would  be  to 
lengthen  the  summer  at  one  end  and  to  anticipate  it  at  the  other. 
Such  would  be  tbe  astrouomicnl  conditions  of  the  North  Pole;  that 
anomalous  |>oiut,  from  whence  every  other  locality  on  the  globe  lies  due 
south,  that  mysterious  point  which  up  to  the  present  seems  never  to 
have  been  aiiproached  by  man  within  a  distance  less  than  400  miles, 
unless,  indeed,  as  is  not  improbably  the  case,  tbe  pre-glncial  man  who 
lived  in  tbe  last  genial  period  found  a  temperate  climate  and  enjoyable 
conditions  eveu  at  the  latitude  of  90°. 

For  our  present  purpose  it  will  be  necessary  to  get  a  very  clear  idea 
as  to  the  precise  [mint  on  the  earth  which  we  mean  when  we  sj>eak  of 
tbe  North  Pole.  As  our  knowletlge  of  it  is  almost  entirely  derived  from 
astronomical  pheuoniena,  it  is  necessary  t^)  assign  the  e.<Eact  locality  of 
tbe  pole  by  a  strict  definition  depending  on  astronomical  fat^ts.  Sup- 
posing that  Nansen  does  succeed  in  his  expedition,  as  everyone  hopes 
that  he  will,  and  dues  penetrate  within  that  circle  of  400  miles  radius 
-e  the  foot  i>f  civilize<l  man  bus  never  yet  trod,  how  is  be  to  identify 
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thiit  particniar  spot  on  tliis  globe  wliieb  is  to  be  defined  by  tlie  North 
PoleT  It  wa»  for  tliiB  purpose  that  at  the  commencement  of  this  paper 
I  referred  to  that  photograph  of  the  concentric  ciicles  which  illustrated 
so  forcibly  the  iH>sition  of  the  pole  in  the  heavens.  Imagiue  that  your 
eye  was  placed  at  the  center  of  the  earth,  and  that  you  bad  a  long  slen- 
der tube  from  that  center  to  the  surface  through  which  you  could  look 
out  at  the  celestial  sphere;  if  that  tube  be  placed  in  such  a  way  that, 
when  looking  from  the  center  of  the  earth  through  this  tube,  your  vision 
was  directed  exactly  to  that  particular  point  of  the  lieaveus  which  is 
the  center  of  the  circle  now  described  by  the  Pole  Star  and  the  other  - 
circumpolar  stars,  then  that  spot  in  which  the  end  of  the  tube  passes 
out  through  the  surface  of  the  earth  is  the  North  Pole.  Imagine  a 
stake  to  be  driven  into  the  earth  at  the  place  named,  then  the  position 
of  that  stake  is  the  critical  spot  on  our  globe  which  has  (men  the  object 
of  80  much  scientific  investigation  and  of  so  much  maritime  enterprise. 
The  reader  must  not  think  that  I  am  attempting  to  be  hyper-accurate 
in  this  definition  of  the  North  Pole;  no  doubt,  in  our  ordinary  language  . 
we  often  think  of  the  pole  as  something  synonymous  with  the  polar 
regions,  an  ill-defined  and  most  vaguely  known  wildernes-H of  ice.  For 
sdentific  purposes  it  is,  however,  essential  to  understand  that  the  pole 
is  a  very  definitely  marked  i>oint,  and  we  must  assign  it^  position  accu- 
rately, not  merely  to  within  miles,  but  even  to  within  feet.  Indeed,  it 
is  a  truly  extraonlinary  circumstance  that,  considering  no  one,  with  the 
possible  exception  jnst  referred  to,  has  over  yet  been  within  so  many 
hundred  miles  of  the  pole,  we  should  be  able  to  locate  it  so  precisely 
that  we  are  absolutely  certain  of  it.-4  itosition  t>o  within  an  area  not 
larger  than  that  covered  by  a  small  town,  or  even  by  a  good-sized  draw- 
ing room. 

We  have  seen  that  the  North  Pole  in  the  sky  is  in  incessant  move, 
mcut,  and  that  the  travels  which  it  accomplishes  in  the  course  of  many 
centuries  extend  over  a  wide  sweep  of  the  heavens;  this  naturally  sug 
gests  the  question,  Does  the  pole  in  the  earth  move  about  in  any  simi- 
lar manner,  and  if  so,  what  is  the  nature  and  extent  of  its  variatntnl 
Here  is  the  point  about  which  those  modern  researches  have  been  inude 
which  it  is  my  special  object  to  discuss  in  this  paper.  Let  us  first  nvc 
clearly  the  issue  that  is  raised.  At  the  time  of  the  building  of  the 
Pyramids  tbe  pole  in  the  heavens  was  in  4|utte  a  ditl'erent  place  iVom 
it«  present  position ;  the  Pole  ata'r  had  not  at  that  time  tbe  slightest 
title  to  be  called  a  pole  star;  in  fact,  the  point  around  which  the  heav- 
ens revolved  lay  in  a  wholly  difi'ereut  constellation.  It  was  certainly 
not  far  from  tbe  star  Alpha  Draeonis  about  3000  b.  o.,  and  \¥e  could 
indicate  its  jjosition  quite  definitely  if  we  had  any  exact  knowledge  as 
to  the  date  of  the  Pyramids'  erection.  It  is,  however,  plain  that  the 
difference  was  so  jiatent  between  the  celestial  pole  at  the  time  of  the 
Pyramids  and  the  celestial  pole  of  later  centuries,  that  it  conld  not  be 
overlooked  in  attentive  observation  of  the  heavens.    As  the  Sorth 
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Pole  fD  the  sky  was,  therefore,  so  different  jd  the  time  of  the  Pharaohs 
from  the  North  Polo  in  the  time  of  Victoria,  it  is  proper  U>  ask  whether 
there  was  a  like  clifTerence,  or  any  diflcrence  at  all,  l)etween  the  ten-es- 
trial  pole  at  the  time  of  the  buildin;;  of  the  Pyramids  and  that  terres- 
faial  pole  in  who»e  quertt  Nansen  is  just  setting  off.  If  Pharaoh  had 
despatched  a  snceessful  expedition  to  the  North  Pole  and  driven  a  post 
ill  there  to  mark  it,  and^f  Naasen  were  now  successfnl,  would  he  tind 
that  the  North  Pole  in  the  earth  which  he  was  to  mark  occupied  the 
name  jmsitioD  or  a  different  position  from  that  which  had  been  discov- 
ered thoasands  of  years  previously  T  At  first  one  mi;;ht  hastily  say 
that  there  most  be  such  a  difference,  for  it  will  be  remembered  that  I 
have  defined  the  North  Pole  in  the  earth  as  that  point  through  which 
the  tube  passes  which  would  permit  an  eye  placed  at  the  center  of  the 
earth  to  view  the  North  Pole  in  the  sky.  If,  therefore,  the  North  Pole 
in  the  sky  bad  undergone  a  threat  change  in  its  position,  it  might  seem 
obvious  that  the  tube  from  the  earth's  cent«r  to  its  surface  which  would 
now  conduct  the  vixion  from  that  centre  to  the  north  celestial  i>ole 
would  emerge  at  a  different  point  of  the  earth's  crust  from  that  which 
it  formerly  occujiicd.  We  have  here  to  deal  with  the  case  that  arises 
not  unfrerioently  in  astronomy,  in  which  a  fact  of  broad  general  truth 
re^juires  a  minute  degree  of  qunliticition ;  indeed,  it  is  not  too  mach  to 
nay  that  it  is  in  this  qualification  of  broad  general  truths  that  many  of 
the  greatest  discoveries  in  physical  science  have  consisted.  And  such 
is  the  case  in  tlie  present  instance.  There  is  a  broad  general  truth  and 
there  is  the  qualification  of  it.  It  is  the  qualification  that  constitutes 
the  essential  discovery  which  it  is  my  object  herein  to  set  forth.  But 
before  d<»ing  so  it  will  be  necessary  for  me  to  lay  down  the  broad  gen- 
eral truth  that  the  North  Pole  of  the  earth  as  it  existed  in  the  time  of 
the  Phanuihs  appears  to  be  practically  the  same  as  the  North  Pole  of 
the  earth  now.  It  seems  iHTfe<'tly  certain  that  at  any  time  within  the 
hist  ten  thousiind  years  the  North  Pole  might  have  been  found  within 
a  I'egion  cm  the  cnith's  surface  not  larger  than  Hyde  Park.  Indeed, 
the  limits  might  \te  drawn  much  more  closely.  It  is  quite  possible  that 
nmny  an  edillce  in  London  occupies  an  area  sufficiently  great  to  cover 
the  holes  Ihiit  would  be  made  by  all  tlie  posts  that  might  be  driven  to 
mark  the  piccisi,'  sites  of  the  North  Pole  on  the  eiirth  not  only  for  the 
the  last  five  or  ten  thrinsand  years,  but  probably  for  perioils  much 
more  undent  still.  It  is  very  likely  that  the  North  Pole  at  the  time  of 
tlio  ghu-ial  e|)och  was  priM^tically  indisiitiguishable  from  the  North 
Pole  now;  in  fact,  tlie  constancy,  or  sensible  constancy  I  should,  per- 
lmpM,ratlicr  sny,of  the  situation  of  this  most  critic  ill  point  in  our  globe 
is  line  of  the  most  aslonishing  facts  in  terrestrial  physics. 

Let  us.  then,  aFisunie  this  brnad  gcnenil  fact  of  the  permanency  in 

"■    oosition  ()f  the  North  Pole,  and  deduce  the  obvious  consequences  it 

•s  with  regard  to  the  carlb's  movement.     At  this  point  we  find 

uveuience  of  the  time-honored  illustration  in  our  gepgraphy  books 
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whieli  likens  the  eartli  to  an  oruage.  T.ut  uk  tUnist  a  knitting  needle 
throaelL  the  orange  aloog  it«  Hliortest  iUamet<^r  to  represent  the  axis 
aboat  which  the  earth  rotates.  Not  only  docs  the  earth  iwri'onn  one 
revolution  about  this  axis  iu  the  spatio  of  Ciicli  sidereal  day,  but  the 
axis  itself  has  a  movement.  11' the  earth's  axii*  always  remained  fixed, 
or  never  ha<l  any  motion  except  in  a  direction  parallel  to  itself,  then  the 
point  to  which  it  was  directed  on  the  sky  would  never  change.  We 
have  however  seen  tliat  the  i>Dle  in  the  sky  is  incessantly  altering  ita 
position;  we  are  therefore  taitght  that  the  diR'ctioD  of  the  earth's  axis 
of  rotation  is  constantly  changing.  To  simulate  the  movement  by  the 
orange  and  knitting  needle,  we  must  imagine  the  orange  to  rotate 
around  its  axis  once  in  that  period  of  twenty-three  honrn  and  fifty  six 
minutes  which  is  well  known  as  the  length  of  the  sidereal  day;  while  at 
the  same  time  the  knitting  needle,  itself  bearing,  of  course,  the  orange 
with  it,  performs  a  conical  movement  with  such  extreme  slowness  that 
not  less  tlian  twenty-five  thousand  years  is  occupied  in  making  the  cir- 
cuit. The  movement,  as  has  often  been  {minted  out,  is  like  that  of  a 
peg  top  which  rotates  rapidly  on  its  axis  while  at  the  same  time  the 
axis  itself  has  a  slow  revolving  motion.  Thus  the  phenomena  which 
are  presented  in  the  rotation  of  the  earth  demonstrate  that  the  axis 
about  which  the  earth  rotates  occupies  what  is,  at  all  events,  approx- 
imately a  fixed  position  in  the  earth,  though  not  a  fixed  position  in 
space.  We  can  hardly  be  surprised  at  this  result;  it  merely  implies 
that  the  earth  acts  like  a  rigid  body  on  the  whole,  and  does  not  permit 
the  axis  about  which  it  is  turning  to  change  its  position. 

It  will  now  be  easily  understood  how  it  comes  to  pass  that  the  posi- 
tion of  the  North  Pole  uiion  the  earth  has  not  appreciably  changed  in 
the  course  of  thousands  of  years.  The  axis  around  which  the  earth 
rotates  has  retained  a  permanent  position  relative  to  the  earth  itself; 
it  has  however  continuously  changed,  it  is  at  this  moment  changing, 
and  it  will  continue  to  change  with  regard  to  its  direction  in  space.  So 
far  our  knowledge  extended  up  to  within  the  laf<t  few  years,  but  in  these 
modern  days  a  closer  inquiry  has  been  made  into  this,  as  into  as  mauy 
other  physical  subjects,  aud  the  result  has  been  to  disclose  the  impor- 
tant fact  that,  though  the  phenomena  as  just  described  are  very  nearly 
tme,they  must  receive  a  certain  minute  qualification.  Complete  exam- 
ination of  this  subject  is  desirable,  not  only  on  account  of  its  natural 
importance,  bnt  also  because  it  illustrates  the  refinements  of  which 
modem  astronomical  processes  are  susceptible.  1  have  stated  the 
broad  general  fact  that  the  position  of  the  terrestrial  pole  undergoes 
no  large  or  considerable  fluctuation.  But  while  wea<lroit  thatnolarge 
fluctuation  is  possible,  it  is  yet  very  proper  to  consider  whether  there 
may  not  he  a  small  fluctuation.  It  is  certain  that  the  pot^ition  of  the 
pole  as  it  would  be  marked  by  a  post  driven  into  the  earth  to-day  can 
not  differ  by  a  mile  from  the  position  iu  which  the  same  point  would  be 
marked  last  year  or  next  year.  But  does  it  difl'cr  at  all?  Is  it  abso- 
SM93 6 
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lnl*rly  exiWrtly  lix;  •uiiii<-T  Wirul'l  there  l>e  a  difTvreoi-e.  not  indeed  of 
milf?  trutirf  yunl-  'tr  Iff  (>-*<  l^-twift-ii  tlie  prwis*?  |»u»iti(>ii  of  tlie  pole  on 
tbeeartb  d«;tennt[i«-<]  at  Mitrce^juve  iDter\~al8  of  time!  Would  it  be  the 
Aame  if  ve  cairii^  oat  tfor  <-om|iansoiis,  not  merely  betiveeo  one  year 
aD<l  another.  Imt  <lay  after  day.  week  after  week,  month  after  monthf 
yo  doaM  the  m'lre  ohvionit  |iLt-iioinena  pnxrlaim  iu  tlie  mo-st  unmistak- 
able maaner  that  the  piMiti'm  of  the  pole  is  substantially  invariable. 
If  therefore  there  t>e  any  flnctuatiniiH  in  its  {xtsitiou.  those  could  only 
be  di-4cbMi«d  by  careful  sc;rntiny  of  niinate  phenomeua  which  were  too 
delicate  to  be  detecteil  in  the  coarser  methods  of  obseiratiou.  There 
in  indeed  a  certain  pre^nniption  in  favor  of  the  notion  that  absolute 
ojiostaniy  in  the  position  of  the  |>ole  need  not  be  expecteil.  Alniottt 
every  statement  of  astronomical  doctrine  requires  its  qualification,  aud 
it  wonM  seemindeetlanlikely  thiit  when  saflioient refinement  wasintro- 
dnceil  into  the  meaHaremenls  the  [tosition  of  the  pole  in  the  earth  should 
ap[>earto  be  absolutely  nnalterable.  Until  a  very  recent  period  the 
evidence  on  the  Kiibje4-t  was  almost  alto^ther  nef^ative;  it  was  do 
doubt  recognized  that  there  might  be  some  ductuatioiia  in  the  position 
of  the  i>ole,  but  it  was  known  that  they  would  only  be  extremely  small, 
an<l  it  was  belte^'e<I  that  in  all  probability  those  fluctuations  mast  be 
I'ompriM^l  within  those  slender  limits  which  are  too  much  affected 
by  inevitable  errors  of  observation  to  afford  any  reliable  result.  Per- 
Heverance  in  this  interesting  intjuiry  has  been  at  last  rewarded;  and 
as  in  so  maoysimilar  cases  we  are  itidehted  to  the  labors  of  many  inde- 
pendent workers  for  the  recent  extension  of  our  knowledge.  We  are, 
however,  at  present  most  interested  by  the  labors  of  Mr.  Chandler,  a 
distinguished  American  astronomer,  who  has  made  an  exhaustive  exam- 
ination into  the  suliipct.  The  result  has  been  to  afford  a  concIusiTe 
proof  that  the  terrestrial  polo  does  undergo  movement.  Mr.  Chandler 
has  been  so  successful  as  to  have  determined  the  law  of  those  polar 
movements,  and  he  has  found  that  when  tliey  are  titken  into  consider- 
ation,an  important  improvement  in  certain  delicate  astrooomicalinquir- 
ies  is  the  result.  These  valuable  investiRatioua  merit,  in  the  highest 
degree,  the  attention,  not  only  ot  those  who  are  specially  devoted  to 
astronomical  and  mathematical  researches,  but  of  that  large  and  ever- 
increasing  class  who  are  anxious  for  (general  knowle<lge  with  regard  to 
the  physical  phenomena  of  our  globe. 

At  first  sight  it  might  seem  difficalt  iiuleed  to  conduct  the  investi- 
gation of  this  questiou.  Here  is  a  point  on  the  earth's  snrface,  this 
wonderful  North  Pole,  which,  so  ftir  as  we  certainly  know,  has  never 
yet  been  approached  to  within  400  miles,  and  yet  we  are  so  solicitous 
about  the  position  of  this  pole  and  about  its  movement  that  we  demand 
a  knowledge  of  its  whereabouts  with  an  accuracy  which  at  first  apiiears 
wholly  unattainable.  It  sounds  almost  incredible  when  we  are  told 
that  a  shift  in  the  position  of  the  North  Pole  to  the  extent  of  20  yards, 
feet,  is  appreciable,  notwithstanding  that  we  have  never 
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been  able  to  get  nearer  to  it  than  from  one  end  of  England  to  tbe  other. 
Indeed,  as  a  matter  of  fact,  our  knowledge  of  the  movements  of  the 
pole  are  derived  from  observations  made  not  alone  hundreds  but  even 
many  tbousaoda  of  miles  distant.  It  is  in  such  observations  as  those 
at  Greenwich  or  Berlin,  Pnlkowa  or  Washington,  that  tlie  determina- 
tions have  been  made  by  which  changes  in  tbe  position  of  the  pole  can 
be  ascertained  witb  a  delicacy  and  prec-ision  for  which  those  would 
hardly  be  prepared  who  were  not  awnre  of  the  refineniput  of  modern 
astronomical  methods.  I  do  not  however  imply  that  the  observations 
conducting  to  the  discoveries  now  ubout  to  be  considered  have  been 
exclusively  obtained  at  the  observatories  I  have  named.  There  are  a 
large  number  of  similar  institutions  over  tbe  globe  which  have  been 
made  to  bear  their  testimony.  Tens  of  thousands  of  different  observa- 
tions have  been  brought  together,  and  by  discussing  them  it  has  been 
found  possible  to  remove  a  large  jiart  of  tbe  errors  by  which  such  work 
is  necessarily  affetited,  and  to  elicit  from  the  vast  mass  those  grains  of 
truth  which  could  not  have  been  discovered  had  it  not  been  for  the 
enormous  amomit  of  material  that  was  available.  Mr.  Chandler  has 
discussed  these  matters  in  a  remarkable  series  of  papers,  and  it  will  be 
necessary  for  me  now  to  enter  into  some  little  detail,  both  as  regards 
tbe  kiud  of  observations  that  have  been  made,  and  the  results  to  which 
astronomers  have  been  thereby  conducted. 

Greenwich  Observatory  lies  more  than  2,000  miles  from  the  North 
Pole,  and  yet  if  the  pole  were  to  shift  by  as  much  as  tbe  width  of 
Regeht  street,  the  fact  that  it  had  done  so  would  be  (juite  perceptible 
at  Greenwich.  Let  me  endeavor  to  e.vplain  how  such  a  measurement 
could  be  achieved.  In  finding  the  latitude  at  any  locality  we  desire, 
of  conrse,  to  know  the  distance  between  the  locality  and  the  equator, 
expressed  in  angular  magnitude.  But  though  this  is  distinctly  tbe 
definition  of  latitude,  it  does  not  at  once  convey  tbe  idea  as  to  bow 
this  element  can  be  ascertained.  Bow  for  instance  would  an  astrono- 
mer at  Greenwich  be  able  to  learn  the  angular  distance  of  the  observa- 
tory from  the  equator  t  The  equator  is  not  marked  on  the  sky,  and  it 
is  obvious  that  the  observer  must  employ  a  somewhat  indirect  process 
to  ascertain  what  he  wants.  Here,  again,  we  have  to  invoke  the  aid 
of  that  celestial  pole  to  which  I  have  sooften  referred.  Think  of  that 
point  on  the  sky  which  is  tbe  common  center  of  the  circles  exhibited 
■on  Prof.  Barnard's  photograph.  That  point  is  not  indeed  marked  by 
any  special  star,  but  it  is  completely  defined  by  the  circumstance  that 
it  is  the  center  of  the  trm^k  performed  by  the  circumpolar  stars.  We 
tbns  obtain  a  clear  idea  of  this  definite  point  in  the  sky,  and  the  hori- 
zon is  a  perfectly  definite  line,  at  all  events  from  any  station  where 
tbe  sea  is  visible.  It  is  not  difficult  to  imagine  that  by  suitable  meas- 
urements we  can  ascertain  the  altitude  of  this  jioint  in  the  heavens 
above  the  horizon.  That  altitude  is  the  latitude  of  the  place;  it  is,  in 
fact,  tbe  very  angle  which  lies  between  the  locality  on  Uie  fUk^tlMad 
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tb«  equator.  It  is  quite  true  tliaC  as  the  |>ule  is  iinpfied  by  these  cin-les 
ratber  thau  directly  marked  by  tbem,  the  measaremeiit  of  the  altitude 
CRD  not  be  effected  quite  directly.  The  actual  procesti  is  to  take  Ihe 
Pole  star,  or  some  one  of  the  other  circampolar  stars,  and  to  measure 
the  greatest  height  to  wlii<-h  it  ascends  above  the  horizon,  and  the 
lowest  altitude  to  which  it  declines  about  twelve  hours  later.  The 
former  of  these  is  as  uuich  above  the  pole  as  the  latter  is  below  it,  so 
between  them  we  are  able  to  ascertain  the  altitude  of  the  pole  with  a 
high  degree  of  accurm;y.  It  is  true  that  in  a  fixed  observatory  such 
as  Greenwich  there  is  no  visible  sea  horizon,  and  even  if  there  were 
it  would  not  provide  so  escelient  a  method  as  is  offered  by  the  equiv- 
alent process  of  first  observing  the  star  directly  and  tlieu  observing 
its  reiiection  from  a  dish  of  mercury.  In  this  way  the  altitude  of  the 
star  above  the  horizon  is  determined  with  the  utmost  precision. 

The  practical  astronomer  will  however  remember  that  of  course  he 
has  to  attend  to  the  effects  of  atmoajtheric  refraction,  which  invariablv 
shows  a  star  higher  up  thau  it  ought  to  be.  This  can  be  allowed  for, 
and  in  this  way  the  latitude  of  the  observatory  is  ascertained  with  all 
needful  accuracy.  When  the  highest  degree  of  precision  is  sought  for, 
and  it  is  only  observations  with  a  very  high  degree  of  precision  which 
are  available  for  our  present  purpose,  a  considerable  number  of  stars 
have  to  be  employed,  and  very  many  observations  have  to  be  taken  at 
different  seasons  of  the  year  so  as  to  eliminate,  as  far  as  possible,  all 
sources  of  casual  error.  When,  however,  due  attention  has  been  paid 
to  those  precautions  which  the  experience  of  astronomers  suggests,  the 
result  that  is  obtiiined  is  characterized  by  extraordinary  precision. 
How  great  that  precision  may  be  1  must  endeavor  to  explau.  The  lati- 
tude oi  every  impuriant  observatory  is  obtained  from  a  large  number 
of  observations,  and  it  would  be  unlikely  that  it  was  more  than  one  or 
two-tenths  of  a  second  different  from  the  actual  mean  value.  Now  a 
tenth  of  a  second  on  the  surface  of  the  earth  corresponds  ti)  a  distance 
of  about  10  feet,  and  this  means  that  the  latitudeof  the  observatory,  or, 
as  we  must  now  speak  very  precisely,  the  latitude  of  the  center  of  the 
meridian  circle  in  the  observatory,  is  known  to  a  degree  of  precision 
represented  by  a  few  paces.  It  will  thns  be  seen  that  with  the  accu- 
racy attainable  in  our  modern  observations,  it  would  often  be  an  appre- 
ciable blunder  to  mistake  the  latitude  of  one  wall  of  the  observatory  for 
that  of  the  opposite  wall ;  in  other  words,  we  know  acenrately  t<>  within  , 
the  tenth  of  a  second,  or  within  not  much  more  than  the  tenth  of  a  sec- 
ond, the  distance  from  the  center  of  the  transit  circle  at  Greenwich, 
down  to  the  earth's  equator.  But,  of  course,  the  distance  from  tlie 
pole  to  the  equator  is  !H)o,  and  this  being  so  it  follows  that  the  distance 
from  the  north  pole  of  the  earth  to  the  center  of  the  transit  circle  at 
Greenwich  Observatory  has  been  accurately  ascertained  to  within  one 
or  two-tenths  of  a  second.  If  any  change  took  place  in  the  distance 
between  the  imIc  and  the  meridian  circle  at  Greenwich,  then  it  must  be 
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mniiifeBted  by  t!ie  cliaiiges  of  lutitiide.  We  shall  now  be  able  to  under- 
stand liow  any  movement  of  the  pole,  or  ratlier  of  the  position  which  it 
occapies  in  the  earth,  would  be  indicated  at  Greenwich.  Suppose,  for 
instance,  that  the  pole  actually  a^lvauced  towards  Great  Britain,  and 
that  it  moved  to  a  dis'itauce  of,  let  us  8ay,30feet,theeffect  of  this  would 
be  to  produce  a  diminution  of  the  distance  between  the  twle  and  Green- 
wich, that  is  to  say,  there  must  be  an  increane  in  the  distance  ft'om 
Gi-eenwich  to  the  equator.  This  would  correspond  to  a  change  in  the 
latitude  of  Greenwich;  that  latitude  would  diminish  by  three- tenths  of 
a  second,  which  is  a  nmgnitude  quite  large  enough  to  be  recognizable 
by  the  observations  I  have  already  indicated  as  proper  for  the  determi- 
nation of  latitude.  A  shift  of  the  pole  to  a  distance  of  00  feet  would  be 
aooospicuousalteration  announced  in  every  observatory  in  Europe  pro- 
vided with  instruments  of  good  modern  construction. 

Until  the  last  few  years  there  was  not  much  reason  to  think  that  the 
pole  exhibited  any  unequivocal  indications  of  movement.  No  doubt, 
displacements  resembling  tho.se  which  have  now  been  definitely  ascer- 
tained have  existed  for  many  years,  but  they  were  too  small  to  produce 
any  appreciable  efl'ex;t,  except  with  instruments  of  a  more  refined  de- 
scription thanthose  with  which  the  earlier  observatories  were  equipped. 
It  was  obvious  that  the  pole  did  not  make  movements  of  anything  like 
a  hundred  yards  in  ext^^nt;  had  it  done  so  the  resulting  variations  in 
latitude  would  have  been  conspicuous  enough  to  have  obtained  notice 
many  years  ago.  The  actual  movements  which  the  pole  does  make  are 
of  that  small  character  which  require  very  minute  discussion  of  the 
observations  to  establish  them  beyond  rea<;h  of  cavil.  There  is  how- 
ever one  striking  method  of  confirming  such  observations  as  have  been 
made  which  leaves  no  doubt  of  the  accuracy  of  the  results  to  which 
they  point-  Suppose,  for  instance,  that  the  great  observatories  in 
Europe  indicate  at  a  certain  time  that  their  latitudes  have  all  increased; 
this  necessarily  implies  that  the  equator  has  receded  from  them,  and 
that,  therefore,  the  North  Pole  has  approached  Europe.  If  however 
the  Sortb  Pole  has  approached  Europe  it  must  have  retreated  from 
those  regions  on  the  opposite  side  of  the  world— say,  for  instance,  the 
Sandwich  Islands.  Observations  in  the  Sandwich  Islands  should 
therefore  indicate,  if  our  reasoning  has  been  correct,  that  the  pole  has 
retreated  from  them,  and  that  the  equator  has  therefore  advanced  in 
such  a  way  that  the  latitudes  of  localities  in  the  Sandwich  Islands  have 
duninished.  The  various  observations  which  have  been  brought  to- 
gether by  the  dihgence  of  Mr.  Chandler,  including  those  which  he  has 
himself  made  with  an  ingenious  appanitus  of  bis  own  design,  have  been 
submitted  to  this  test,  and  they  have  borne  it  well.  The  result  has 
been  that  it  is  now  [wssible  to  follow  the  movements  of  the  pole  with  a 
considerable  degree  of  completeness.  Prof.  Chandler  has  tracked  the 
pole  month  after  month,  year  after  year,  through  a  periml  of  more  than 
a  century  of  exact  observations,  and  he  has  succeeded  in  determining 
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the  luoveineuts  wliich  this  point  undergoes.  Let  me  here  endeavor  to 
deaci'ibe  the  result  at  which  he  has  arrived. 

In  that  palteocrystic  ocean  which  Arctic  travellers  have  described, 
where  the  masses  of  ice  lie  lieaped  together  in  the  wildest  confusion, 
lies  this  point  which  is  the  objet^t  of  so  much  speculation.  Let  us  think 
of  this  tract,  or  a  portion  of  it,  ta  be  leveled  to  a  plain,  and  at  a  par- 
ticular center  let  a  circle  be  drawn,  the  radius  of  which  is  about  30  feet; 
it  ia  iu  the  circumfereoce  of  this  circle  that  the  pole  of  the  earth  is  con- 
stantlf  to  be  fouud.  In  fact,  if  at  different  times,  month  after  month 
and  year  after  year,  the  position  of  the  pole  was  ascertained  as  the. 
extremity  of  that  tube  from  which  an  eye  placed  at  the  center  of  the 
earth  would  be  able  to  see  the  pole  of  tlie  heavens,  and  if  the  auccea- 
sive  positions  of  this  pole  were  marked  by  pegs  driven  into  the  ground, 
then  the  several  positions  in  which  the  pole  would  be  found-  mast  nec- 
essarily trace  ont  the  circumference  of  the  circle  that  has  been  thus 
described.  The  i>eriod  in  which  each  revolution  of  the  pole  around  the 
circle  takes  place  is  about  four  hundred  and  twenty-seven  days;  the 
result  therefore  of  thexe  investigations  shows,  when  the  observationa 
are  accurate,  that  the  ii^ortb  Pole  of  the  earth  is  not,  as  has  been  so 
long  supposed,  a  fixed  point,  but  that  it  revolves  around  in  the  earth, 
accomplishing  each  revolution  in  iibout  two  months  more  than  the 
period  that  the  earth  requires  for  the  performauce  of  each  revolution 
around  the  sun. 

The  discovery  of  the  movement  of  the  [>ole  which  1  have  here 
described  must  be  regarded  as  a  noteworthy  achievement  in  astronomy, 
nor  is  the  result  to  which  it  leads  solely  of  interest  in  consequence  of 
the  lesson  it  teaches  us  with  regard  to  the  circumstances  of  the  earth's 
rotation.  It  has  a  higher  utility,  whicJi  the  practical  astronomer  will 
not  be  slow  to  appreciate,  and  of  which  he  has,  indeed,  already  experi- 
enced the  benefit.  There  are  several  astronomical  investigations  iu 
which  the  latitude  of  the  observatory  enters  as  a  sigiiitlcaiit  element. 
Latitude  is,  in  fact,  at  every  moment  employed  as  an  important  factor 
in  many  astronomical  determinations.  To  take  one  of  the  most  simple 
cases,  suppose  that  we  are  finding  the  place  of  a  planet  in  the  observa- 
tory. We  deduceits  position  by  measuring  its  zenith  distance,  and  then 
to  obtain  the  declination  the  latitude  of  the  observatory  has,  of  course* 
to  be  considered.  Now  astnniomers  have  hitherto  been  in  the  habit  of 
accepting  the  determination  of  their  latitude  which  had  been  estab- 
lished by  a  protracted  series  of  observations,  and  treating  it  as  if  it 
were  a  constant.  This  method  will  be  no  longer  admissible  when  astro- 
nomical work  of  the  highest  class  is  demanded.  No  doubt,  from  the 
sailor's  point  of  view,  an  alteration  in  latitude  which  at  most  amounts 
to  ashiftof  tiO  feet — not  a  quarter,i)erhaps,of  the  length  of  his  vessel — 
is  immaterial.  But  in  the  more  refiueil  parts  of  astronomical  work 
these  discoveries  can  no  longer  be  overlooked;  indeed,  Mr.  Chandler 
has  shown  that  many  discrepancies  by  which  astronomers  had  been 
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baffled  oan  be  removed  wlieii  note  is  taken  of  tbe  dvciiinataucp  that  the 
latitude  of  tbe  observatory  is  iu  an  incessant  coiiditioti  of  ti-ansfurma- 
tjon  in  accordance  with  tbe  law  which  bin  labors  have  exiioiinded.  It 
will  ere  long  ht-  lleceM^ia^y  in  every  observatory  where  iniiK>rtant  work 
is  being  done  to  obtain  for  every  day  the  correction  to  the  mean  valne 
of  the  latitnde,  In  order  to  obtain  tbe  value  appropriate  for  that  day. 
There  are  itlso  other  grounds  of  a  somewhat  prnfounder  character 
on  which  the  discoveries  now  mmie  are  eminently  instructive. 
Those  who  are  interested  in  the  physics  of  our  globe  often  discuss 
the  question  as  to  whether  the  internal  heat,  which  the  earth  certainly 
possesses,  is  suHiciently  intense  to  render  the  deep-seatt'd  portions  of 
our  globe  more  or  less  fluid.  On  the  other  band,  the  effects  of  pres- 
sure, especially  of  such  pressures  as  are  exi»erienced  in  the  deptlis 
hundreds  and  thousands  of  miles  below  the  surface,  must  go  far  to  con- 
sohdate  the  materials  to  form  what  must  l>e  sensibly  a  rigid  body. 
The  question,  therefore,  arisen:  Is  the  earth  to  be  regarded  as  a  rigid 
mass,  or  is  it  iiotf  The  phenomena  of  the  tides  had  already  to  some 
extent  nffonled  information  on  this  subject,  and  now  Mr.  Chandler's 
investigation  adds  much  further  light,  for  it  is  certain  from  his  result 
that  the  earth  cau  not  be  a  rigid  body.  It  is  quite  true  that,  even 
though  the  earth  were  rigid,  the  jwle  uiigbt  go  round  in  a  circle  and 
that  circle  nugbt  have  a  30-feet  ratlins,  but  in  such  a  case  the  period 
would  be  only  about  three-quarters  of  the  four  hundred  and  twenty- 
seven  days  which  he  has  found.  In  tbe  interest,  tiierefore,  of  the  theo- 
retical astronomer,  as  well  as  on  tlie  other  grounds  which  I  have  set 
forth,  Mr.  Chandler's  investigations  must  be  regarded  as  a  most  imiwr- 
tant  contribution  to  modern  astronomy. 
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By  A.  ('.  Kanyard. 


The  late  Prebendary  Webb  used  to  speak  of  Tycho  as  the  metropol- 
itan crater  of  tbe  moon.  Though  by  no  means  the  largest  of  the  lunar 
craters,  it  ia  one  of  the  mowt  striking  features  of  the  lunar  landscape, 
especially  nhen  the  moon  is  near  to  the  fitll,  and  the  shadows  of  the 
mountains  have  all  disappeared.  The  crater  of  Tycho  is  then  seen  a» 
a  conspicuously  white  spot,  from  which  radiiite  in  aJl  directions  a  great 
number  of  whitish  rays  that  extend  over  more  tliun  a  third  of  the  visi- 
ble hemisphere  of  the  moon,  indicating  that  the  crater  has  been  the 
center  uf  a  colossal  disturbance  which  seems  to  have  shattered  the 
lunar  crust  in  all  directions.  We  have,  as  far  as  I  am  aware,  no  evi- 
dence in  the  terrestrial  geologic  record  that  a  corresponding  cataclysm 
has  ever  similarly  shattered  the  earth's  crust;  but  our  terrestrial  vol- 
canoes are  puny  tilings  compared  with  the  giant  craters  of  our  smaller 
corapauion  planet. 

As  might  be  expected,  the  strange  phenomena  presented  in  so  unpar- 
alleled a  degree  by  Tycho  have  been  a  fruitful  stimulus  to  speculation 
OS  to  the  origin  of  the  lunar  craters  and  the  ra«lJating  systems  of  rays 
with  which  many  of  the  moon's  craters  are  evidently  intimately  con- 
nected. Many  able  men  have  doubted  whether  there  is  any  true 
analogy  between  terrestrial  volcanoes  and  the  gigantic  lunar  ring 
mountains  and  circular  depressions  which  we  ordinarily  speak  of  as 
craters.  The  ring  of  Tycho  is  ^i  miles  in  diameter,  and  the  great  cra- 
ter OlaviuB,  which  lies  to  the  south  of  it,  is  more  than  140  miles  in 
diameter;  but  Clavius  is  by  no  means  the  largest  of  the  lunar  craters. 
If  the  lunar  Apennines  and  the  other  monntains  forming  a  broKen 
ring  round  the  Mare  Inibrium  are  the  remnants  of  a  crater,  it  must 
have  had  a  diameter  of  over  600  miles,  while  the  largest  terrestrial  cra- 
ters are  not  more  than  15  or  l(i  miles  in  diameter.t     Vesuvins  and  the 

•From  KHumledgt.  AiiBnal,  1893;  vol.  xvi,  pp.  149-153. 

I  AccorUinK  to  Mr.  d).  K.  Gilbert,  in  a  paper  publishod  in  the  Bullelin  of  lh»  PMIo- 
tophieal  Si/cietg  of  Waahiugton,  vol.  xu,  p.  247.  (t)  the  old  crat«r  rnQtainiiig  Lake 
BomboD.  Isle  of  Lukoii,  ia  mapptxl  (Ri^ciiic)  kh  16  by  14  inilea  in  ext«Mt;  (2)  the  cra- 
ter of  Abobiu,  lale  uf  KiiiHliiii,  .Inpan,  in  15  inili'H  ttcTOSH  (Milne);  (3)  Scrope  men- 
ttoDB  s  circular  cratcril'urm  inkr,  about  15  miles  )□  diiimet«r,  ia  Northern  Kam- 
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Monte  Samnft  would  a]>]iear  as  insigiiificaiit  little  hills  if  tbe;  were 
dropped  iuto  the  ceater  of  the  crater  of  Tycho,  wLose  ring  wall  towera 
to  a  height  of  17,000  feet  abore  the  plain  it  iucloses. 

Robert  llooke  comparetl  tbe  Innar  craters  to  the  cup-shai>ed  pits 
formed  on  tbe  surface  of  boiling  umd  by  e^i<;apiug  vapor,  ami  the  idea 
has  been  a  fascinating  one  to  many  mindx  since  his  dayi  though  it  needs 
but  I'ttle  consideration  to  rt^vofc»ixe  that  hubbies  or  blisters  formed  in 
a  plastic  material  on  a  scale  correspontling  with  that  of  the  lunar  craters 
would  rapidly  sink  down  and  be  obliterated. 

Mr.  S.  E.  Peal  has  ingcnionsly  advotated  a  theory  which  seems  to 
me  almost  equally  antenable.  Tie  assumes  that  the  lunar  surface  cou- 
sistit  entirely  of  i<'e,  and  that  the  craters  and  pit-like  depressions  are 
due  to  the  action  of  hot  springs  which  have  not  flowed  continuously, 
lint  that  water  has  from  time  to  time  issued  from  vents  in  the  soil,  and 
has  melted  the  ice  above  tbe  vent.  The  water  is  then  supposed  to  have 
.flowed  back  to  the  warm  interior  of  the  moon,  taking  with  it  a  part  of 
the  surface  ice  that  has  been  melted.  an4l  by  a  series  of  sacli  ebbs  and 
flows  Mr.  Peal  conceives  tbe  terraced  walls  of  tho  lunar  craters  to  have 
been  built  up  above  the  level  of  surrounding  plains.  Putting  on  one 
side  the  difficulty  of  conceiving  of  nearly  perjiendiciilar  ice  clilTs  of 
17,0U0  to  20,OOU  feet  high,  standing  for  ages  without  flowing  down  as 
glaciers  to  the  plains  at  their  feet,  we  have  to  account  for  the  fact  that 
the  lunar  plains  and  the  fl(H)rsof  the  deeper  lunar  craters  are  generally 
of  a  macli  darker  tint  than  tho  higher  ground  npon  the  moon,  while  if 
the  whole  of  the  lunar  surface  were  composed  of  ice  and  snow  there 
would  be  no  reason  for  such  a  difference  of  tint,  unless,  as  Mr.  Peal 
suggestA,  the  lunar  jilains  are  surfaces  of  virgin  ice  while  the  moun- 
tains are  formed  of  snow.  But  virgin  ice  would  reflect  the  ligbtof  the 
sun  sjHtcniarly,  and  in  the  equatorial  and  tropical  parts  of  the  moon 
from  which  ttie  snn's  ray.s  could  he  specularly  reflected  to  us  there  are 
no  traces  of  such  specular  reflection.  The  theory  also  fails  to  account 
for  tho  small  craters  frequently  found  on  the  rims  of  large  craters  ai'd 
on  the  sloping  sides  of  mountains.  Such  small  craters  are  far  above 
the  assumed  rottk  surface  of  the  nio<ni,  and  warm  water  issuing  fiom 
them  would  flow  down  thesides  of  the  monntiuns  leaving  marked  tra<-es 
of  its  flow.  Tho  meteoric  theory  of  the  formation  of  lunar  craters  has 
also  hati  nmny  advocates.  It  is  alleged  that  if  a  pebble  be  dropp<td 
into  mud  the  scar  produced  has  a  raiscil  rim  and  a  central  hill,  which 
resembles  a  lunar  crat^T.  Even  Mr.  Proctor  had  aniuclinationforthis 
theory.  At  piigea4B  of  his  bonk  on  the  nioim  he  says:  "So  far  as  the 
smaller  craters  are  concerned,  there  is  nothing  inci'edihle  in  the  suppo- 

Bpbntka  ("Volcniioi'H,"  (.ei'iinil  c'difim,  l.oiiiliiii.  IWW,  p.  4ri7|;  (4)  an  imperl«rt.  ent- 
ter  t^irtliii'  (lu  >niiii'iliu!>.  iiioiitioiied  liy  ('Iiiii-Ii'h  Ihivn-jn,  Ih  iuii|>p<-it  (Ailiiiiralt.v)  as 
alioiit  i:>  l>y  16  iiiili'^  in  i-Nti.-iit;  (.">)  tli.i  rnilr'i-  whIIh  siirniiniilLiig  Lake  Etokxua, 
'•"'"  '""  "iiappi-il  ;is  II  bySt  iiiilon  lu  nsti-iil;  di'  llirriMtr'i' nintiiiiiiuK  Lake  Malii^Ju, 
iiiappfil  <K«i-1iis)  an  I'l  liy  7  iiiili'H  In  i>\ti-iit. 
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sitioD  that  they  were  due  to  meteoric  rain  falling  when  the  moon  was 
Id  a  plastic  condition.  Indeed,  it  is  souietvUat  leinarkable  how  strik- 
ingly certain  parts  of  the  moon  resemble  a  surface  which  has  been 
runed  upon,  while  sufficiently  plastic  to  receive  the  impressions,  but 
not  too  soft  to  retjtin  them.  Nor  in  it  any  valid  objection  to  this  sap- 
position,  that  the  rings  left  by  meteoric  downfall  would  only  be  circn- 
lar  when  the  falling  matter  chanced  to  strike  the  moon's  surface 
squarely,  for  it  is  far  more  probable  that  even  when  the  surface  was 
struck  obliquely,  and  the  opening  first  formed  by  the  meteoric  mass  or 
cloud  of  bodies  was  therefore  mttrkedly  elliptic,  the  plastic  anrface 
would  close  iu  round  the  place  of  impact  until  the  impression  actually 
formed  had  assumed  a  nearly  circular  shape."  Aiteriavitingattention 
to  the  lunar  photographs  published  with  his  book,  Mr.  Proctor  contin- 
ues :  "  It  will  be  seen  that  the  multitudinous  craters  near  the  southern 
part  of  the  moon  are  strougly  suggestive  of  the  kind  uf  process  I  have 
referred  to,  and  that,  in  fact,  if  one  judged  solely  by  appearances  one 
would  be  disposed  to  adopt  somewhat  confidently  the  theory  that  the 
moou  had  had  her  present  surface  contour  chiefly  formed  by  meteoric 
downfalls  during  the  period  of  her  existence  when  she  was  ]ilastic  to 
impressions  from  without.  I  am  however  sensible  that  the  great 
craters,  under  close  telescopic  scrutiny,  by  no  means  correspond  in 
appearance  to  what  we  should  ex[)ect  if  they  were  formed  by  the  down- 
fall of  great  masses  from  without.  The  regular,  and  we  may  almost 
say  battlemented,  aspect  of  some  of  these  craters,  the  level  floor,  and 
the  central  peaks  so  commonly  recognized,  seem  altogether  different 
from  what  we  should  expect  if  a  mass  fell  from  outer  space  upon  the 
moon's  surface.  It  is  iu<leed  just  i>ossible  timt  under  the  tremendous 
heat  generated  by  the  downfall,  a  vast  circular  region  of  the  moon's 
surface  would  be  rendered  liquid,  and  that  in  rapidly  solidifying  while 
still  traversed  by  the  ring  waves  resulting  from  the  downfall,  something 
like  the  preseut  condition  would  result." 

More  recently  the  meteoric  theory  of  the  formation  of  lunar  craters 
has  \teen  taken  up  and  considerably  elaborated  by  an  American,  Mr. 
G.  K.Gilbert,  who  has  made  the  theory  the  subject  of  an  address  deliv- 
ered when  retiringfroni  the  presidency  of  the  Washington  Philosophical 
Society  on  December  10, 18i>2.  Kecognizing  the  difhcnlty  alluded  to  by 
Mr.  Proctor,  viz,  that  most  of  the  lunar  craters  are  circular,  while  if  the 
meteoric  bodies  came  from  outer  space  many  of  them  ought  to  strike 
the  moon's  surface  very  obliquely  aud  produce  elliptic  rings,  Mr.  (lil- 
bert  made  a  series  of  experiments  iu  the  laboratory  and  found  that 
when  projectiles  were  thrown  obliquely  against  a  target  of  plastic  mate- 
rials a  crater-shaped  bole  of  elliptic  contour  was  formed.  In  order  to 
obviat«  this  obje<^tion  to  the  theory  he  assumes  that  the  bombarding 
masses  which  gave  rise  to  the  lunar  craters  did  not  come  Irom  outer 
space,  but  were  originally  parts  of  a  ring  about  the  earth  similar  to  the 
ring  which  encircles  the  planet  Saturn.     From  this  ring  he  supposes 
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tlint  the  moon  was  gradually  formeil,  thu  small  boilies  const itiiti tig  the 
ring  liiivhig  first  coalesced  into  a  large  number  of  mooulets  whicb  finally 
all  united  into  a  siugte  sphere.  According  to  this  hypothesis  the  Innar 
craters  are  the  scars  produced  by  the  collision  of  the  moonlets  which 
last  snrrendered  their  individuaiity,  and  according  to  Mr.  Gilbert  and 
a  mathematical  friend  who  aide<l  him  in  the  investigation,  58  per  cent 
of  the  moonlets  would,  nnder  the  circumstances  imagined,  strike  the 
surface  of  tli©  moon,  making  an  angle  (if  less  than  20°  with  tbe  vertical, 
while  (0  jwr  cent  i\  oiild  strike  at  an  angle  of  less  tlian  30^,  and  80  per 
cent  at  an  angle  of  less  than  40°.  From  laborat<)ry  experiments  Mr. 
Gilbert  found  tbat  the  ellipticity  of  the  scars  on  bis  plastic  target 
increased  slowly  up  to  an  incidence  of  iO°  to  tiic  vertical,  and  that 
beyond  that  incidence  the  resulting  scars  siiowed  considerable  ellip- 
tieity.  lie  assumes  that,  owing  to  the  flat  character  of  the  Ssturnian 
ring  al)Out  tbe  earth,  the  moonlets  must  have  approached  tbe  moon 
approximately  in  the  phme  of  its  equator,  but  the  fact  is  not  attested 
by  the  grouping  of  tbe  craters  in  a  medial  zone.  Mr.  Gilbert  therefore 
assumes  tbat  the  axis  of  tbe  moon^s  rotation  has  shifted  under  the  suc- 
cessive impulses  of  the  bombardment,  and  tbat  the  moon's  equator  baa 
occupied  successively  all  parts  of  Its  surface.  Ue  assumes  that  the 
velocity  of  impact  dne  to  tbe  moon's  gravity  would  be  Hufficient  to  melt 
tbe  rocks  of  the  lunar  surfiice,  and  that  they  would  during  a  short  period 
lichave  as  if  they  were  composed  of  plastic  material,  bntwould  become 
bardoned  before  tbe  crater  ctmld  subside. 

The  theory  does  not  at  all  commend  itself  to  my  mind.  M.  Roche,  of 
Montpelier,  showed  that  a  ring  about  a  planet  would  break  up  if  it 
extended  beyond  a  distance  of  2  tl-25tbs  the  radius  from  tbe  center  of 
the  planet,  and  if  the  density  of  the  planet  increa-sed  towards  its  center 
the  maximum  limit  to  which  a  ring  could  extend  would  be  still  further 
contracted.  A  moon  formed  just  outside  sncb  a  ring  wonld  have  an 
ellipticity  greater  than  that  of  an  ordinary  ben's  egg;  and  as  tidal 
action  carried  the  moon  away  from  its  primary  it  wonld  gradually 
approximate  to  a  spherical  form.  One  can  hardly  conceive  that  such  a 
change  of  shape  could  tiike  place  without  obliterating  scars  on  its  sur- 
face; but  there  is  another  objection  tn  the  theory,  which,  to  my  mind, 
is  even  more  concbisive.  There  are  upon  the  moon  many  lines  or 
strings  of  small  cratcrlets  which  fall  very  evidently  into  line  with  one 
another.  If  we  are  forcwl  to  treat  them  as  scars  upon  a  target,  we 
mast  regard  their  allineation  as  the  result  of  mere  <;bance  distnbution ; 
but  tbe  number  of  such  strings  precludes  any  such  assumption;  there 
must  therefore  be  a  physical  reason  for  the  allineation,  and  tbe  moat 
ob\'ious  assumption  seems  to  be  that  the  craterlets  mark  out  a  liue  of 
weakness  in  the  crnst  of  the  moon  and  lie  along  a  volcanic  flasnre  or 
lunar  fault. 
There  is  ever  gradation  in  size  and  in  type  from  the  small  craterlets 
■  cup-shaped  depressions  np  to  the  gigantic  walled  rings,  and  any 


THE  GREAT  LUNAB  CBATEH  TYCHO.  93 

theory  which  profeases  to  accouDt  for  craterleta  must  accoant  for  the 
types  of  crater  into  which  they  gradually  merge.  We  therefore  seem 
driven  back  to  the  volcauic  hypotliesis,  aud  have  to  explain  why  npon 
the  mooD,  which  is  so  much  smaller  than  tlie  earth,  the  volcanic  ont- 
breaks  have  been  on  so  colossal  a  scale.  We  are  not  even  io  a  position 
to  say  that  the  moon  is  made  of  similar  materials  to  the  earth — indeed, 
we  know  that  its  average  density  ia  considerably  less,  the  earth  being 
about  5*66  times  as  heavy  as  a  similar  globe  of  water,  while  the  moon 
is  only  about  3-39  times  as  dense  aa  water,  or,  according  to  Dr.  Gill's 
recent  determination,  about  1  per  cent  less.  We  must  not  however 
conclude  from  tliis  difference  that  the  moon  is  made  of  different  mate- 
rials f^om  the  earth,  for  we  know  too  little  as  to  the  behavior  of  solids 
ander  the  eimrmous  pressures  that  they  must  be  subjected  to  at  even 
a  few  miles  beneath  the  earth's  surface.  The  average  density  of  the 
rocks  of  which  the  earth's  surface  is  composed  is  only  about  two  and 
a  half  times  that  of  water,  but  it  does  not  follow  that  the  central  parts 
of  the  earth  are  composed  of  different  and  heavier  material.  The  great 
rigidity  of  the  earth  under  the  tidal  strains  imposed  upon  it  by  the  sun 
and  moon  points  to  the  conclusion  that  tbe  solid  mateiials  of  which  the 
earth  is  built  up  are  rendered  rigid  by  compression,  and  that  tbe  idea 
of  a  fluid  interior  must  be  abandoned.  Mr.  George  F.  Becker,  of  the 
U.  S.  Geological  Survey,  has  recently  pointed  out  that  the  slags,  into 
which  most  of  the  stratified  rocks  of  the  earth's  surface  would  be 
reduced  by  melting,  increase  in  bulk  on  fusion,  and  are  not  like  iron 
and  water,  which  expand  on  solidifying;  consequently,  he  argues  that 
any  crust  which  formed  on  tbe  surface  of  a  molten  sphere  of  slag  would 
speedily  break  up  by  its  own  weight  and  sink,  and  that  the  process 
would  go  on  until  the  whole  mass  had  been  reduced  in  temperature  by 
such  upheavals  to  near  the  melting  point  of  the  slag.  But  if  the  liquid 
slag,  or  other  materials  of  which  the  earth  is  composed,  were  capable 
of  being  reduced  by  the  pressure  of  the  superincumbent  mass  to  the 
solid  condition,  such  upheavals  would  not  take  plaee,  and  under  such 
circumstances  it  is  possible  that  tbe  heat  of  the  earth  maygoon  increas- 
ing to  its  center. 

If  below  the  siirfiuie  of  the  earth  large  masses  of  highly  heated  rock 
are  kept  solid  by  the  enormous  pressure  of  overlying  rm^ks,  earth  move- 
ments, caused  by  tbe  cooling  and  contraction  which  crumple  up  tbe 
stratified  rocks  of  the  surface  and  give  rise  to  the  upheaving  of  moun- 
tain chains,  may  occasionally  take  off  some  of  the  weight  from  the 
rocks  beneath,  causing  the  highly  heated  rocks  to  run  off  into  the 
liquid  state  again  and  find  tbeir  way  to  tbe  surface,  causing  the  phe- 
nomena we  know  as  volcanic  action. 

If  we  adopt  this  theory  of  volcauic  action,  and  assume  that  the  moon 
is  made  of  similar  materials  to  the  earth,  westiall — witii  lunar  gravity 
only  equal  to  one  sixth  of  terrestrial  gravity — need  to  iiass  to  a  depth 
six  times  as  great  upon  the  moon  in  order  to  obtain  the  pressure  neces- 
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sary  to  solidify  liquid  lava  at  a  toiiiperaturo  equivalent  to  that  at  which 
it  is  solidified  beneath  the  earth's  surfuf-e,  and  any  change  of  pressure 
that  releases  a  stratum  of  rock  from  the  solid  to  the  liquid  state  would 
npOD  the  moou  release  a  stratum  approximately  six  times  as  thick, 
other  conditions  being  similar,  and  would  presumably  give  rise  to  lava 
flows  ou  a  gigantic  scale  compared  with  terrestrial  evolutions.  Added 
to  these  cousideratiou^,  we  must  remember  that  under  the  feeble  action 
of  lunar  gravity  crater  rings  and  cliffs  may  be  built  up  of  similar  mate- 
rial much  more  steeply  uimn  the  moou  than  at  the  earth's  surface. 

There  are  many  formations  upon  the  moon  which  do  not  take  the 
form  of  crater  rings.  The  Riphicau  Mountains  as  shown  in  a  photo- 
graph taken  by  the  Brothers  Henry  in  May,  1890,  is  a  very  good 
instance  to  cite.  I  should  like  to  draw  si>ecial  attention  to  a  curious 
straight  black  streak  between  the  crater's  Birt  and  Thebit.  It  is  spokea 
of  by  Webb  as  a  wall,  but  it  rather  seems  to  be  a  narrow  valley  or 
fault.  It  is  shown  on  several  of  the  photographs  takeu  by  the  Brothers 
Henry.  I  would  also  draw  tiie  reader's  attention  to  three  dark  spots 
on  the  floor  of  the  crater  Alphonsus.  which  are  shown  in  all  good  pho- 
tographs, SIS  well  as  the  curious  marking,  like  a  capital  G,  near  to  the 
centre  of  the  Mare  N^ubian. 
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THE  EARLY  TEME'LE  AND  PYRAMID  BUILDERa.* 


By  J.  Norman  Lopkyeb. 


I  have  in  prerioos  articles  (liscu»sed  tlie  orientation  of  many  temples 
in  various  parts  of  Egypt.  It  will  have  het?n  seen  tliat  it  lias  beeo  pos- 
sible to  divide  them  into  solar  and  Htellar  temples,  and  that  in  the  case 
of  the  former  both  solstices  and  equinoxes  have  been  iu  question. 

I  have  also  referred  to  the  very  considerable  literature  which  already 
existsas  to  the  pyramids,  and  shown  how  the  most  carefully  constructed 
among  them  are  invariably  oriented  truly  to  the  four  cardinal  points, 
and  further  that  it  is  possible  that  some  parts  of  their  structures  might 
have  served  some  astronomical  purpose,  since  astronomical  methods 
must  certainly  have  been  employed  in  their  construction. 

It  has  also  beeo  suggested  that  the  fundamental  difference  between 
solstitial  and  equinoctial  worsliips,  indicated  by  the  solstitial  temples 
and  the  pyramids,  required  nothing  leas  than  a  difference  of  race  to 
explain  it.  I  propose  now  to  iu<)nire  if  there  be  any  considerations 
which  cau  be  utilized  to  continue  the  disi;usdion  of  the  question  thus 
raised  on  purely  astronomical  grounds.  It  is  obvious  that,  if  sufficient 
tradition  exists  to  iiermit  us  to  associate  the  various  structures  which 
have  been  studied  astronomically  with  deltnite  periods  of  Egyptian 
history,  a  study  of  the  larger  outlines  of  that  history  will  enable  ns  to 
determine  whether  or  not  the  critical  changes  in  dynasties  and  rulers 
were  or  were  not  associated  with  critical  changes  in  astronomical  idea« 
as  revealed  by  changes  in  temple  worship.  If  there  be  no  connection, 
the  changes  may  have  been  due  t-o  a  change  of  idea  only,  and  the  sug- 
gestion of  a  distinction  of  race  falls  to  the  ground. 

In  a  region  of  inquiry  where  the  facts  are  so  few  and  difficult  to  recog- 
nize among  a  mass  of  myths  and  traditions,  to  say  uotbing  of  contra- 
dictory assertions  by  different  authors,  the  more  closely  we  adhere  to 
a  rigidly  scientific  'method  of  inquiry  the  better.  I  propose  to  show 
therefore  that  there  is  one  working  hypothesis  which  seems  to  include 
a  great  many  of  tbefacts,and  Ihopetogivethehyi>othesisand  the  facts 
in  such  a  way  that  if  there  be  anything  inaccurately  or  incompletely 
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stated  it  will  be  easy  at  once  to  cliaDge  tUe  front  of  llic  inqairy  and 
proceed  along  the  new  line  indicated. 

I  may  begin  by  remarking  tUat  it  is  luii<)aineiital  f()r  tlie  hypothesis 
that  the  temples  of  On  or  Beliu{>oli3,  as  stated  by  Maspero  and  other 
bigh  aathorities,  exisited  before  the  times  of  Mini  (Menes)  and  the 
pyramid-baildei'H,  whatever  may  have  been  the  date  of  the  original 
fonndatiou  of  Thebes. 

Before  Mini,  according  to  Maspero,  "Onetlesvilles  dn  Nordavaient 
eu  la  part  principale  dans  le  developpemeut  de  la  civilisation  £gyp- 
tienne.  hes  prieres  et  les  hynmes,  qui  furmferent  plus  tard  le  noyaa  des 
livres  saci^^s,  avaient  et^e  redigea  si  On."  • 

The  working  hypotliesis  is  as  follows: 

(1)  Tlie  first  civilization  as  yet  glimpsed  in  Egypt,  represented  by 
On  or  HelioiKilis,  was  a  civilization  with  a  solstitial  solar  worship  asso- 
ciatert  with  the  rise  of  the  Nile.     A^nflctlietujit^  was  also  worshiped. 

(21  Memphis  (possibly  also  Sais,  Bnbastts,  Tanis,  and  other  cities 
with  eiist  ana  west  walls)  and  fbi?  pyramids. were  bnilt  by  an  invading 
race  from  a  land  where  the  worship  was  equinoctial.  A  star  rising  in 
the^aat  was  worshiped  at  the  equinox. 

(3)  The  blank  in  Egyptian  history  between  the  sixth  and  eleventh 
dynasties  was  associated  with  condicts  between  these  riices,  which  were 
ended  by  the  victory  of  the  representatives  of  the  old  worship  of  On. 
After  them  pyramid  building  ceased  and  solstitial  worship  was  resus- 
citated; Memphis  takes  second  place,  and  Thebes,  a  southern  On,  so 
far  as  solstitial  solar  worship  is  coucenied,  comes  upon  the  scene  us  the 
seat  of  the  twelfth  dynasty. 

(4)  The  subsequent  historical  events  were  largely  due  to  conflicts 
with  intruding  races.  The  intruders  established  themselves  in  cities 
with  east  and  west  walls,  and  were  on  each  occasion  driven  out  by  sol- 
stitial solar  worshipers,  who  founded  dynasties  (eighteenth  and  twenty- 
fifth)  at  Thebes. 


I  have  taken  another  occasion  of  remarking  how  the  vaiious  worships 
at  Thebes  were  reflected  in  the  orientiition  of  the  temenos  walls.  The 
so-called  "symnietrophobia"  of  the  Egyptians  was  full  of  meaning. 
which  in  this  case,  at  all  events,  is  no  longer  bidden.  If  we  note  this 
reflection,  as  we  can  over  and  over  again,  where  both  temples  and  walls 
still  stand,  it  is  fair  to  assume  that  where  the  walls  alone  remain  the 
temples  which  they  once  inclosed,  long  since  destroyed,  bad  the  same 
relation.  These  considerations,  alas,  have  to  be  appealed  to  in  thecase 
of  Heliopolis,  to  say  so  far  nothing  of  Abydos  and  ^lemphis. 

At  Ileliopolis  the  so-called  " symmetrophobia,"  as  indicated  by  the 
trend  of  the  mounds  given  in  Lepsius's  plan,  is  so  strong  that,  in  spite 
of  the  fact  that  only  one  obelisk  of  one  temple  remains,  it  is  easy  to 
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sbow  that  both  aolatitial  solar  worsliiit  and  star  worship  were  carried 
OD,  if  walls  had  the  same  relation  to  the  iuchiiled  temples  at  On  as  they 
had  at  Thebes. 

The  solar  temple  at  On  has  entirely  disapi>eare<).  As  may  be  gath- 
ered from  the  remains  of  the  mounds,  it  lay  In  tlie  line  of  the  solstices. 
As  the  gods  included  It:l,  Atmu,  and  Osiris,  probably  like  the  temple 
of  Amen  Ka  at  Thebes,  there  were  two  temples  back  to  ba<'k.  At 
Thebes  the  temules  were  directeil  nortliyT"*^  *"  ""■■'■'■■'-"»  ■■»  '^"  anit,li- 
west  to  northeast. 

My  observations  of  the  orientation  of  tlie  obelisk  show  that  tlie  tem- 
ple of  which  it  formed  a  part  may  have  iwssibly  been  the  first  of  the 
Beries  which  includes  the  temple  of  Mut  at  Thebes,  and  other  temples 
there  and  at  Abydos;  that  is  the  worship  of  Set  was  iii  <]uestion,  to 
speak  generically.  Now,  according  to  Maspero,*  Sit  or  Set  formed  on© 
of  the  divine  dynasties,  being  associated  with  the  sun  and  air  gods  at 
On,  i.  e,,  with  Ea,  Atnm,  Osiiis,  Horns,  and  Shoii. 

At  Abydos,  as  also  can  bedetcrminedby  the  orientation  of  the  walls, 
one  of  the  oldest  temples  was  probably  a  solstitial  one.  The  stellar 
temples,  sacred  to  Set,  were  built  much  later  than  the  solar  temple. 

Like  Ou,  Abydos  was  a  sacred  city.t  '-C'est  comme  ville  saiitte 
qu'elle  ^tait  universe llement  connue.  Ses  sanctuaires  etaieut  iM'^Inbres, 
son  dieu  Osiris  v^u^r6,  ses  ffites  snivies  par  toute  I'Egypte;  les  gens 
riches  dcs  autres  nomes  teuaient  k  hoiiueur  de  se  faire  dresser  unc  stele 
dans  sou  temple."! 

If  it  be  found  that  the  references  to  '-ancestors"  and  "divine  ances- 
tors" occur  aftei'  tlie  eleventh  dynasty,  tbera<Mj  re[)re8ented  by  Ou  may 
be  referred  to  and  it  may  be  that  so  often  referred  to  as  the  Uor-shesn. 

Only  one  sfcir  temple,  as  I  have  said,  is  still  represented  at  On ;  those 
at  Abydos  are  known  to  be  late.  The  terra,  then,  of  Snn- worshippers 
was  highly  distiuctive,  and  there  is  i-eason  to  believe  that  the  st«llar 
observations  were  connected  with  the  solar  worship. 

II. — («)   THE   BAST   AND    WEST    WALLS   AND    PYRAMID   BUILDERS. 

On  the  hypothesis  these  came  from  a  country  where  the  worship  was 
equinoctial. 

We  are  .justified  from  what  is  known  regardiug  the  rise  of  the  Nile 
as  dominating  and  defining  the  commencement  of  the  Egyptian  year 
that  other  aucieut  |>eoples  placed  under  like  conditions  wonid  act  in 
the  same  way. 

Now  what  the  Nile  was  to  Egypt  the  valleys  of  the  Tigris  and  the 
Eui)lirates  were  To  the  early  Ohaldean  empire.     Like  the  Nile,  these 

■Op.  d(.,p.  33. 

lltisiuiportaDt  Ki  LD<)uiro  it'  tliU  t.iu 
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V  .n.->t  BtTc  «.ili|i'*l  til  iiririuul  tiitiiiil»tii>iis,:tDiItbeir  frrtility  depended, 
^t  111  Hk.'>i''.  iifm  tilt*  tiiwiiiier  ia  wbu-h  the  irrijration  was  looked 
^titr  liur  iMilikt'  tin-  Nile,  tilt' t'iiiuiiicricem«Qt  of  the  iuaiidationortheae 
riwn  f'-ok  j»I.*if  iif.ir  tht'  vfriml  tHjuiimx:  heuLif  the  year,  we  may 
tto' l'4k:iii  Hn-ii,  itiiit,  iviLsiitiiiit;  l>yauaIo^,tbeworstiipiiiall  prob- 

\  p.<'>|>li  ciiti it  l'-«.v|>l   Inmi  tliis  region,  then,  would  satisfy  one 

(•(.i.'li  .( nitc  piiiMi'iti,  Imt   i«  there  luiy  evideQ«-e  that  this  people 

)....)'  tl..  >•  «.l  •)  |t>iii]>lt<H  itiid  tomplf  walls  east  and  west,  and  that  they 

I  hfi  Id  »tii|ilt>  fvi(lt'ii('t<,  itltlitiuj^h,  iiia:^  the  stmi-tures  in  Cbaldsea, 
l.i'X'f  ."  ti<  I'tllv  ImiiII  III  hiii'k  »iid  not  til  stone,  no  louder  remain,  as  do 

M '<■!  hil  III  l;,;»  j>r,     .'^iilt,  ill  siute  of  the  absence uf  the  possibility 

(.^■t  ( itlvi- tiiiit>,  n-n-.iivli  li.kH  shown  that  in  the  whole  region 

fi.  M,i-  i.'..i)ii'.i-:l  111'  |:^vi>i  Un'  tiiiu'iiuf*  Willis  of  temples  and  the  walls 
kF  *  Mt  111  Mill  I  '>'U  •iiiit  »i '•I :  itiid.  though  at  present  aetual  dates  ean 
M  .r  »..  mil  II,  .1  lii>; li  .iiiiii|iiil>  i-i  «ii;,'x*'''t*''l  '"  thee;»seof  soineof  them. 
I'.iif  I.'  I ,  i\-'  l<  iii|iJr4  hIiii  h  rem. till  in  tliat  iv^inn  where  stone  was  pro- 
,  ,.,.,1.1, ,  ...  il  l'..liiin.i,  IIi^IIhh.  .)<'rii>ii»Itiii.  all  lieeiint  and  west.  But 
itiM,  Mi'iii  11,1.1,  II  ii  ui'll  knoMiilliul  flMtii  tlieveryearliest  times  pyram- 

,1,1 1,1..  J,  I  illiit   /,n:<iii\it'*.  siune   l-">(MVet  high,  were  erected  in 

<  •■  i<  ,ii,|,  rii.i.il  I  lit  I'lir^e  wfiv  rwillv  ob.servatories;  they  were  pyra- 
».,il  i<.<ili  III  .il>  i-i,  .14  rli'.ii  \\  nlmnii  IVum  pivtnres  tuBDd  on  contem- 
|.  .>  ..V  (iMi  (.1,  .mil  iiiii>  sulli  nevi-n  Mi-\<n  and  of  };reat  antiquity,  it  is 
^,..■1,    ,,.|.-  ti-'ioinl  In   \i'l'iiih,nliiiv./;if.  alKuit  MW  B.  r..  at  Babylon. 

■\  -Mi.iiil  H'MillMnn  ol  I  tie  lit|H>ll<i->is  IS  tli.'tefore  satisfied. 

tilt  iliil  ll>|.<  <  •|llll>ll^  Miii«lii)iiii»;.  i>>t!iniiil  biuUlin^  nice  live  at  any- 
11..,.,/  Iri  (  IliK  Ilii.K  ii>|iiiiiiL|r  I'l'ol'.  Sa>re  sliowe*!  in  the  Hibbert 
f  ■  >■«'  ,  .rlinti  «i  n-  (IrlUri.'il  in  III.-  ,MMr  l.-WT,  thitt  m-eut  finds  have 
t  '•■.](  Ik  i|  lliiv  KNi-iii'iiui  ol  a  Kii'i;  Siiruon  I.  at  Apxle  in  Ohaldea, 
I'Vi  11  *.  Hill. II  II  u.'i'iiiM  tliiil  n  iliiid  i.v'iuiiIion<if  thehypothesisia 
■■•<  iii'l  l.v  lliM  ii'i'iiil  ili.,rini'i>.  I'lu've  was  undoubtedly  an  eqninox- 
•■'.f  >.,|.iii,f  |i\i.iiMiil  liiilMliiii  iiiri'  e\i>titiK  in  t'haldea  at  the  time  the 
'  '  ■,! |.v IiIm  nil'  Hii|.|.iiM'd  I.-  Imve  Ill-en  built. 

*('-...».(  I,  Ml  a  H>iehl  |.a|.<a  on  the  Main  Ionian  oiijriu  of  Egyptian 
■  ..  ./< ,  .'iinn  rt  I  lial  I  hi'  iiaiiii"'  I'f  till-  i;oils  iiirns[HiU(UHl  ia  many  casea 
iliilii  ■TTiii'iilio I    HI  lln'oldi'st    I'livtitJaii  pyramid 


111--.  Wl.| 

II'  re|ni'sei 
iiTanXsari 

iil.ll  l.v  ev 

actly  the  .same  signs 

.1   I'.^y] 
lli.l.vio 

o-lypliu-s. 

-     -     ■     Ihe  UJllUe 
^Miteii  in  both  conn- 

'I'll 

I.    fl,.),vloi 

-,/„-,  .,ro-i 

•'/   III  <,vi'.     lie  eonlciiils  tlint  tliero  had  been  a  direct  e 

■.  (/'  i^ii'ii  the  two  eivili/.atioii.s  and  that  (he  Hubylouian  was  the 

'>l  Mil'  I  wo. 

''  M  iiH  letiirii  U<  Kgypt.  Wo  find  at  Memphis.  Sais,  Bubastis, 
eio-t  «nd  wi'st  wall.s,  which  at  once  stamp  those  cities  as 
I  oMtciti   from  On,  Abydos,  and  Thebes,  where,  a-s  I  have 
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showD,  the  walla  trend  either  nortbvrest  to  Routbeast  or  nortbeaRt  to 
soutbweat. 

For  Memphis,  Satis,  and  Tatii»,  tbe  evidence  is  afforded  by  the  mitps 
of  Lepsiiis.  For  Bubastis  it  depeiidH  upon  the  statement  of  Xaville, 
that  tbe  walls  run  "  nearly  from  east  to  west,"  and  with  tbe  looseness 
too  often  asijociated  with  such  statements,  it  is  not  said  whether  true 
or  magnetic  bearings  are  indicated. 

Associated  with  these  east  and  west  walls  there  is  further  evidence  i 
of  great  antiiiiiity.  Bubastis,  according  to  Nuvillc,*  hns  afforded  traces  \ 
of  tbe  date  of  Cheops  and  Chephren,  and  it  is  stated  by  Manetho  to  ' 
have  existed  as  early  as  the  second  dynasty. 

It  is  also  generally  known  that  the  pyramids  in  Egypt  iire  oriented 
east  and  wesL    Nor  is  this  all.    One  of  the  oldest,  if  not  t 


pyramid  known,  is  a  sten  pyramid  modelled  on  the  ziggurat  nattern. 
tbe  so-called  **  step  pyramid  of  Sakkarah."  The  steps  are  six  in  in 
ber,  and  vary  in  height  from  38  to  29  feet,  their  width  being  about  6 
feet.  The  dimensions  are  352  (north  and  south)  x  396  (east  and  west) 
X  197  feet.  Some  authorities  think  this  pyramid  was  erected  in  tbe 
first  dynasty  by  the  fourth  king  (Neuephes  of  Manetho,  Ata  of  the 
tablet  of  Abydos).  The  arrangement  of  chambers  in  this  pyramid  is 
quite  special. 

The  claim  to  the  highest  antiquity  of  the  step  pyramid  is  disputed 
by  some  in  favor  of  the  "  false  pyramid  of  Medfim.  It  also  is  really  a 
step  pyramid  115  feet  high,  its  outline,  wbieli  conceals  some  of  the  st£(>s, 
shows  three  stages,  70,  20,  and  25  feet  high,  but  in  its  internal  struc- 
ture it  is  really  a  step  pyramid  of  six  stages. 

This  pyramid  must,  according  to  Petrie,  be  attributed  to  Seneferu; 
but  De  Rougi-  has  given  evidence  to  tbe  contrary  i  Seneferu  was  a 
king  of  the  fourth  dynasty. 

We  have  at  Dasbour  the  only  remaining  abnormal  ny''^'^''^- *^"*1"^ 
.theji''!"*^*"'  ryrjCj^*^  'or  the  reason  that  the  inclinatioD  changes  at 
about  one  third  of  the  height.  This  pyramid  forms  one  of  a  group  of 
four,  two  of  stone,  and,  be  it  carefully  borne  in  mind,  two  of  brick ;  their 
diraeiiaions  are  700x700x326  feet;  620 x 620 x 321  feet :  350x350x90 
feet,  and  343  x  343  x  156  feet. 

One  of  these  pyramids  was  formerly  supposed  to  have  been  built  by 
Seneferu.  If  any  of  them  had  been  erected  by  King  Ousertaen  III  ol 
the  twelfth  dynasty,  as  was  formerly  thought,  tbe  hypothesis  we  are 
considering  would  have  been  iuvalid. 

Only  after  Seneferu  then  do  we  come  to  thejn;)rmal  Kyvptian^pyra- 
j^^fA  n,^  tn.,  iqi-pp^t  ji]:  "^iy.eh.  built  by  Cheops  and  Chephren  (fourth 
dynasty),  being,  so  far  as  is  accurately  known,  the  oldest  of  the  series. 
(According  to  Mariette,  the  date  of  Mini  is  5004  b.  c,  and  the  fourth 
dynasty  cominence<I  in  1235  n.  c.) 

'  "  ItubastiH,''  iirulace,  p.  iv.  I  Ma8i>eri>,  op.  HI.,  p.  59 

D„.„ab,GoOgIc 


100  THE    EABLY   TEMKLE   ASD   PTBAMID   BflLDEER. 

AaMX'idU^l  witiJ  tliei-tDeh  vitbeafi  aiitl  west  « iilJci  art' t4iu;tles  facing 
uu'edtit:  tiT  tli«i*'l>>r)'  ut  rM-*-ive  the  rays  of  ib^  morning  sou  risiug 

AaiiiM.-iuU)ii  wi:L  tb«M-  jiyraiuiilFvCurefnllyont-uteid  east  and  west,  we 
tiuil  ui)  tbeir  tsirti-rrii  bhI**  wtuif  diKtauo:  away  and  on  a  line  passing 
1Ijjui.{:1j  tln-ii'  <'t;uU:i>  at  ri;:tit  au(;les  to  a  meridian  line,  temples  fac-ing 
dii'-  west,  tilt-  i:l"?aifin  powlLile  indication  of  e-innitM-Iial  worship.  At 
Biiiiw-i  ui  tiii-  i;<juiiiux  tlie  Mfpulcliral  chamber  and  the  sun  were  in  a 
liu'  lioui  the  adyiuut.    The  priest  fa<-ed  a  donltle  *tsiris. 

Ill  ih>'  nuofuf  the  [lyi'amxl  of  Cliephren.  not  only  have  we  (as  1  hold) 
oiitJj  it  leiujile  of  Osii'w.  hut  the  Sphinx  granite  temple  was  mostprob- 
aitly  the  ecypt  of  a  temple  of  IkIm.  its  relation  to  the  south  face  of  the 
IMiaiiiitI  l>.iiii^  borne  Ju  luiud.  If  this  were  so.  Osiris  was  a  name  both 
fuJ  liii-  boUutiul  aud  ejjUiiiif<:tial  Kun. 

Oili<:i  p\iaujidis  were  built  at  Sakkarab  dnring  the  sixth  d>Tia8ty, 
btit  i[  l^  rt^uuirkuble  that  i>u(^h  a  king  an  Pepi-Meri-Bj)  should  not  have 
liiuiale^i  tlie  majestic  ati'uetures  of  the  I'oorth  d>'nasty.  Ue  is  said  to 
have  buili  a  pyramid  at  Kakkarah,  bnt  it«  obscurity  is  evidence  that 
till-  |iyi'uiiii<i  idea  was  giving  way,  and  it  looks  as  if  this  dynasty  were 
hj1I>  uu  llie  side  of  Ou,*  for  the  authority  of  Memphis  declined  and 
A L>ydob  u ai-  pieti-JTed,  while  abroad  Siuai  was  re  conquered  and  Etbi- 
upiii  uus  kejft  Ju  ordec* 

J'Ik'  nphjiix  (oriented  true  east)  must  also  be  ascribed  to  tbe  earliest 
pyiuiiud  t>iiitdej'«;  it  umld  not  bave  been  built  before  tbeir  intrusion. 
Till-  < 'olussi  of  (he  plain  at  Thebes  was  a  subseijueut  reply  of  the  On 
.-.ol.^IUijJ  wolciliip  0)  it. 

•//,    lUI:    «'iHNIIII'    lie   TIIK    lll-I.I.    BV    THE    I'YRAMID    BriLDBKS. 

i  II'  II.-  If  it  MiliniitJitiy  point  in  c-oiine«tion  with  the  pyramid  builders 

^|..li-;l|ll|l,ll||,I     WOlnllip. 

't..i  iM,i.-lij() .)!'  ApJM  prweded  the  building  of  pyramids.  Mini  is 
H'il.i.it  l(>  I'.liiiii  HJtli  itH  introduction,!  but  at  any  rate  Kakuu  of  the 
e";i,it  ii)mi.:ty  isniu'd  pr<H-l»iuations  regarding  it,^  and  a  stiitue  of 
IJjjil  ^^;l■-  Hi  llie  temple  of  <'heops.|| 

H  la  ,>l.ntil  (liiit  the  Ilrst  month  of  the  Chaldiean  year  was  dedicated 
to  llie  ■■  pnipiriiHiii  bull,"  and  tliitt  the  figure  of  a  bull  eonstantly  occurs 
on  tin:  iiKiiiiiiiuAiitH  lis  ii)H-ning  the  year.  Sow  the  sun  at  the  rernal 
tijiiiiiiu:  iMi  11.  I-.  WHS  in  the  eunsteltaliou  Taurus.  Biot  bus  shown 
tliiit  llie  ei|illiiii\  mcuruHi  wuli  the  sun  near  the  plemdes  in  JCJSS  B.  C. 


^dbyGoogle 


THE  EABLT   TEMPLE  AND  PYRAMID  BUILDERS.  101 

We  soem  driven  to  the  conclasion  that  the  coDstellation  of  the  boll 
dates  from  this  time,  and  that  Hapi  represented  it,* 

(c)  THE  ART  OF  THE   PYRAMID  BUILDERS. 

Another  connecting  link  is  foUDd  in  the  diorite  statues  found  in  the 
temple  of  Chephren,  at  the  pyramids,  and  at  Tell-loh  (ancient  SirguUa) 
by  M.  de  SarzexsinlSSI.  This  last  find  consisted  of  some  large  statues 
of  diorite,  and  theattitadechosenvrastbatofCliephren  himself  as  rep- 
resented in  the  Museum  of  Oizeh.  This  indicateti  equality  in  the  arts 
and  the  possession  of  similar  tools  in  Cbaldsea  and  Egypt  about  the 
time  in  question. 

(rf)   THE  STAR  WORSHIP  OF  THE   PYRAMID  BUILDERS. 

I  have  given  before  the  gods  of  Heliopolis,  and  have  shown  that  with 
the  exception  of  Sit  none  are  stellar,  and  that  the  temple  of  Sit  is  still 
represented.  But  wo  find  in  pyramid  times  the  list  is  vastly  changed; 
only  tbe  snn  gods,  Ra,  Horns,  Osiris,  are  common  to  the  two.  As  new 
divinities  we'  fi  nd ;  i 

Isis,  Nephthys,  Serk-t, 

Hathor,  Ptah,  Sokhit. 

Of  these  tbe  first  two  and  the  last  two  undoubtedly  symbolized  stars, 
and  there  can  be  no  question  that  the  temple  of  Isis  at  tbe  pyramids 
was  built  to  watch  the  rising  of  some  of  tliem.J  Of  Isis  and  Hatbor  I 
hare  already  written  at  length,  and  I  tbink  the  stars  are  now  known. 
The  others  are  more  doubtful,  but  it  may  be  that  Ptah  =  Capella  and 
Serk-t  =  Antare8. 

But  it  is  also  stated  that  at  Mempbi8§  [time  not  given|  there  were 
temples  dedicated  to  Soutekb  and  Baal.  Now  this  is  of  great  impor- 
tance, for  I  suppose  there  is  now  no  question  among  Egyptologists  that 
the  gods  Set,  Sit,  Typbon,  Bes,  Soutekh,  Sontkhou  are  identical.  It  ia 
also  equally  well  known  that  Soutekb  was  a  god  of  tbe  Ganaanites;!! 
that  tbe  hippopotamus,  the  emblem  of  Set  and  Typbon,  was  the  hiero- 
glyph of  the  Babylonian  god  Baal,  1)  and  Bes  is  identified  with  Set  in 
the  book  of  tbe  dead.** 

'Not  only  tbe  ball;  there  isevidenceiDl'avorof  theviewthattbeg[tdile8nSerk-t= 
Antareg.  If  BO,  tbe  nrorpion  constrllation  bad  also  beeo  eslabliahed  and  both 
equiDoxex  marked  by  conatellations  in  tbe  time  of  Cheops. 

t  Maepero,  op.  cil.,  p.  64, 

tTbe  temple  Qf  Sala,  as  I  bave  said,  bad  east  and  vest  walls,  an<l  bo  had  Hem- 
phis,  aeoordinK  to  Lepsina,  The  form  of  lais  at  SaiB  was  the  goddess  Neith,  which, 
oecording  to  Honio  autboritiea,  wus  the  precursor  of  Athene.  Tbe  temple  of  Athene 
at  Athens  was  oriented  to  the  pleiades. 

{  Mttspero,  op.  cit,,  p.  357. 

II  MiiHpero,  op.  cit.,  p,  I^. 
1  Pieiret,  p.  4, 

•■/dm.,  p.  48,  DigmzedbyGoOgle 
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Jensen,  io  bin  Konmologxe  der  Babylonier,  p.  16,  poiatu  out  that  Bil 
waH  the  name  for  tlie  pole  of  tbe  etinator.  If  this  be  the  Baal  referred 
to  by  Pieiret,  we  get  tlie  [Do.st  marvellous  ooincidenee  betwt^n  the 
Egj'ptian  and  Babylonian  Btar  worship  and  suggestiou  of  a  common 
origin  among  an  astronomically  minded  oeople. 

ThiH  suggests  that  the  founders  of  On  and  Memphis  had  a  common 
origin,  and  the  Memphitic  intrusion  took  place  atler  solar  solstitial 
worship  bad  been  introduced  at  On.  This  worship  coald  not  have 
been  bronght  into  Egypt  from  any  other  country  bordering  on  Chal- 
diea,  and  its  oltioiate  predominance  is  the  origin  of  the  myth  of  Horns 
Blaying  the  bippopotamuB..  Nay,  it  may  be  also  suggested  that  the 
predominance  was  brought  about  by  men  and  ideas  reaching  On  from 
the  south,  so  that  the  myth  had  a  single  celestial  and  a  double  terres- 
trial side. 

The  Uawk  God  of  Kdfii,  Harboiiditi,  had  for  servants  a  number  of 
individuals  called  Masniou  or  Masuitiou=blacksmiths,  Just  as  the 
Hawk  God  of  the  Delta,  Harsiisit,  has  for  his  entourage  the  Shosou 
Ilorou.  Masiiero,  ill  a  most  interesting  paper,*  has  recently  called  atten- 
tion to  some  customs  still  extant  among  the  castes  of  blacksmiths  in 
Central  Africa  whit'li  have  suggested  to  him  that  the  followers  of  the 
Edfii  Horns  may  have  come  from  that  province. 

He  writes :  "  C'est  du  snd  de  rfigypt*-  que  les  forgerons  sont  lemont^s 
vers  le  nnnl ;  leur  siL-ge  primitif  ctait  Ic  sud  de  Tl^gypte,  la  paitie  du 
pays  qui  a  le  plus  des  rapports  avec  les  rOgious  centrales  de  I'Afrique 
et  leurs  habitants." 

Then,  after  stating  the  present  conditions  of  these  workers  in  equato- 
rial Africa,  where  they  enjoy  a  high  distinction,  he  concludes: 

<*  Je  pense  qu'on  pent  se  reprti'senter  t'Horus  d'Edfou  comme  ^tant  an 
d(''but,dans  I'uue  de  ses  formes,  le  chef  et  le  dieu  d'nne  tribu  d'ouvriers 
travaillant  le  metal  ou  plutot  travaillant  le  fer.  On  ncsaurait  en  efi'et 
se  dissimuler  (|u'il  y  a  une  afiinite  reelle  etitre  le  fer  et  la  personne 
d'llonm  en  certains  mythes.  Horns  est  In  face  t^-Ieste  (hoiou),  le  ciel^ 
le  firmament,  et  ce  firmament  est  de  toute  autiquite,  tin  toit  de  fer,  si 
bien  que  )e  fer  en  prit  le  iiom  tie  ba-na-pit,  mi'tal  du  ciel,  m^tal  dont 
est  forme  le  ciel :  Horns  I'aiue,  Horus  d'EdtVm,  est  done  en  r<^alit^  on 
dieu  de  fer.  II  est,  de  plus,  muni  de  la  pique  ou  de  la  javeline  A  point 
de  fer,  et  les  dieux  qui  lui  sont  apparentif's,  Auhouri,  Shou,  sont  de 

fiqniers  comme  Ini,  au  ontraire  des  dieux  du  nord  de  I'l^gypte,  Ba, 
'htah,  etc.,  i]ui  nVtnt  pas  d'armes  a  PoixUnaire.  La  legcnde  d'Harhou- 
diti  conqneraut  I'l^gypte  avec  les  masniou  seniit-elle  done  I'et^lio  ointain 
d^n  fait  qui  se  serait  passe  au  temps  aiit^rieurs  it  I'histoiref  Quelque 
chose  comme  I'arriv^e  des  Espagnols  au  milieu  des  jwpulutioiis  du  Noa- 
veau  Monde,  I'imiption  en  figypte  de  tribus  connaissant  et  employant 
le  fer,  ayant  parmi  elles  une  caste  de  forgerons  et  ap^iortant  le  cult« 
d'un  dieu  belliqueux  (|ui  aurait  <ke  iin  Horus  on  se  serait  contbnda  avec 
I'Horus  des  premiers  £gyptien8  pour  former  Hardouditi.  Ces  tribus 
auraient  etc  n^cessairement  d'origine  Alricaine  et  anraicnt  appoite  de 
11X  ^l^ments  Africains  k  cenx  que  renfermait  d(;Jd.  la  civilisation 

'  L'Jntkropohgie,  July- August,  1891,  ^'o^4stl^ec  byGoOQic 
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do  bas  Nil.  Les  forgerouB  auraieiit  perdu  peu  &  peu  leura  privilegea 
poor  86  foDdre  au  reste  de  la  population :  h  Edfou  Heuleinent  et  dans 
Ibh  villea  ob  I'oD  pratiqaait  le  eulte  de  I'Horus  d'Edfou,  ils  auraient 
conserve  un  caract^re  saci*^  et  se  seraieut  transformes  eu  uue  sorte  de 
domesticity  rellgieuae,  les  masuioi]  du  inythe  d'Uorus,  conipagaoDB  et 
aerviteurs  dii  dieu  gnerrier."» 

ni.— THE  WORK  OF  THE  ELEVENTH   AND  TWELFTH   DYNASTIES. 

We  have  next  to  consider  what  hapiwiied  after  the  great  gap  in 
Egyptian  history  between  the  sixth  and  twelfth  dynasties,  3500  b.  c- 
2851  B.  c.  (Mariette),  from  Nitocris  to  Amenemhat  I.  We  pass  to  the 
Middle  Empire. 

Amenemhat  I  built  no  pyramids,  he  atlded  no  embellishments  to 
Memphis,  but  he  took  Heliopolis  under  bis  care,  and  now  we  first  hear 
of  Thebea-t 

Usertesen  I  built  no  pyramids,  he  added  no  embellishments  to  Mem- 
phis, but  he  also  took  Heliopolis  under  his  care  and  added  obelisks  to 
the  temples,  one  of  which  remains  to  this  day.  Further,  he  restored 
the  temple  of  Osiris  at  Abydos  and  added  to  the  temple  of  Amen-Ra 
at  Thebes,  t 

Surely  it  is  very  noteworthy  that  the  first  thing  the  kings  of  the 
twelfth  dynasty  did  was  to  look  after  the  only  three  temples  in  Egypt 
of  which  traces  exist,  which  1  have  shown  to  have  been  oriented  to 
the  solstice.  It  is  right  however  to  remark  that  there  seems  t«  have 
been  a  mild  reeiudescence  of  pyramid  building  toward  the  end  of  the 
twelfth  dynasty,  and  immediately  preceding  the  Hyksos  period,  whether 
as  a  precurser  of  that  period  or  not. 

Usertesen's  views  about  his  last  home  have  come  down  to  ua  in  a 


'Tb<^  HuruD  of  Kdfou  irns  repreneuled  as  tlio  chief  and  god  tif  n  tribe  workiug  ID 
metal,  more  esiiocially  in  irou.  Tlierc  is  tin  iloubt  tbut  m  certain  niythu  tbare  IB  a 
connectioD  botneeD  the  iiersoD  of  HuriiH  unil  iroD.  Horus  reiiresenteil  tbe  nky,  the 
flrmaDieiit;  in  antiquity  tbe  sky  naa  thought  to  be  a  roof  of  iron,  so  much  so  tbat 
tbe  Egyptian))  colled  iron  tbe  sky  met:il.  lloiua  iisnaily  carried  un  iron  pointed 
pibeor  javeiiu,  m  do  tbe  ullit'il  pode  Anbnnri  and  Sbou.  wbil«  the  goda  of  tbe  north 
of  Egypt.  Kn.  Pbtab,  etc.,  are  unarmed.  Is  not  the  legeud  of  Horhiuiditi  ronqneiiug 
Egypt  nith  the  bulpof  tbe  inasniou  (blacksmiths),  au  echo  of  an  event  which  ocrurred 
in  tbe  prehistoric  period  of  Egypt;  Comparuble  to  tbo  arriv»l  of  the  Spaniards  in 
North  America,  wits  tbe  invasion  into  Egyptoftribesknowiugand  using  iron,  having 
among  tbem  a  special  caste  of  smiths,  who  brought  with  tbem  the  I'Ult  of  a  warlike 
gcid,  who  tbuy  either  called  Horns  or  identified  with  tiie  Horns  of  the  early  Egyptian 
aflerwarils  named  Horboniliti.  TheBe  tribes  were  of  coarse  of  African  origin,  and 
they  bronght  new  African  (.■Icments  to  those  already  contained  in  tlie  civilization  of 
tbe  lower  Nile,  Tbe  smiths  by  and  by  lust  tbi'ir  ancient  privileges  as  tbey  wern 
gradually  merged  iu  the  rcHt  of  tbe  population;  onlyat  Kdfou  and  in  tbe  towns  which 
practiced  tbe  cult  of  tbe  Ilorus  of  Edfou  did  tliey  preaervu  aaacred  cbarHcter.  being 
traDsformed  into  a  kind  of  domestic  religious  clans,  i.  e.,  tbe  maanioa  of  the  myth  of 
Horns,  companions  nnd  xorvants  of  the  wurliku  god. 

tMM»p«io,  au.  cil.,  p,  112.  ^  •■  I 
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•  ■I.  ./  v;  It  ♦■r.*'  M.r:*    -  M  .n  m^k^rre  n'eQToya  en  ■anMBpoar 

t,  f.,»"  -i,--  III)  .{,>«  ,1.,-ii-i.     Ji  y  (to:  en  ^i.«r  <i«*  arlniiDr*.  *<:alpe*«!k  befl** 

;  .,.;•*  vw  ni.r'a.ni  p:,Tam]ilAi  afj-mr  thu  ki^a.  bat  <>ii«  kootlnd  SDd 
I'  ;  !*-^,-t  iar.>r  tri»  tind  Am>rri*-nrihal  111  retnrnir.g  b.-thu>tbegi*»nnc 
■-■  i.tr.,.<\  ■v.-.r'*.*  4fnl  rti*>  \<yrATuA  tmJ.lmg  fif  th*^  e^rii«T  dTKastiH. 

V  »*  *'<*Ti*,  of  rhi*H«  UrK^fTt  was  tli«^  Faryiim.  wh^r*.  lo  ctowb  the 
i.*-»  "-.r*.  rToornAmcfiral  jiyramni*  werehnili. sornnxinted  by statnes, 
4'><t  It.!.*)./ rhi^  km:;  him.'^lf  «»i(  linried  in  a  pyramid  B«ar  tbe  Idtl^- 


rs.— THB    WORK    0»    THE    riGHTEESTH    DVSASTT. 

Th«  t.Unk  in  Ksji'ti^n  lii^t/iry  t>f'twwn  the  twelfth  and  wghteeoth 
fJ/na-^fi*-)*  M  kn'>wn  t'l  hav»;  \>t^n  a.-,-j«ruil»^  wilh  the  intm^ioo  of  the 
vif.^WeA  flvk-wr^.  It  M  *n\>\Kr*irA  theM-  Dia<W  their  way  into  Egypt 
fr'nn  thP,  M>nntri*!a  in  and  to  the  west  of  Mesopotamia,  It  is  koowD 
t\\vit  tlif-y  iwftlffi  in  l\ic.  <-irie!t  wirh  ea.'^t  and  wt^  walls.  They  wew 
finnlly  driven  ont  by  Aalimt-s.  i\if  king  of  wNtitial  solar  Thebes,  who 
)iftCAU  Hie,  eidlite^-nth  dynanty. 

In  ii)  1  h.ive  rdiown  wliiit  liapp^ried  after  the  first  frreat  break  in 
K^yptiiin  hutory— a  resn-xritatioii  of  the  .loUtilial  worship  at  On,  Aby- 
iUM.  and  l\ich<-%. 

I  h-A'.p,  iif  xf  to  Hiiow  that  pred-i«ly  the  name  thing  happened  after 
tUp  Hvk«rt  IKr».*l  rl)yn.  13  iT,  Marif^tie,  2233  Brng*ch;  Dyn.  18,  1703 
K,  /:,,  MiirjcUaj  had  disriirtx^d  history  for  some  five  hundred  years. 

It  ix  known  from  tliK  iiapynis  Sellier  |G.  C.  257)  that  Aahmes,  the 
firit  kill  if  of  the  *;i;rliti-efitli  dynasty,  who  rcMtablished  theindepeDd- 
(ii<>!  Iff  K^yjit,  wa?"  in  reality  fiKlitiii;;  the  priests  of  Soutekh  in  favor 
fifth*;  \ti\f*iii  of  Ani'Mi  Ua.  tlit*  wlstitial  Hular  god,  a  modeni  represent- 
iifiv«of  Atnin  ofOn. 

ApfK-n  Ilii,  wuH  the  siicceHsorof  Mentha,  the  succeRsor  of  Atnia  of  On. 
Hti  i-\imt:  w;m  the  new  worship  to  the  old(*st  at  On,  that  at  the  highest 
(roiril  iif  Thi-lian  jxiwr  th*'  third  |trivHt  of  Amen  took  the  same  titles  as 
th«  (.rand  riicHt  of  On,  "  who  wa«  the  head  of  the  first  priesthood  in 
(.jfy;'!.."'  Th(;"(liarid  I'ricHt  of  On,"  who  was  also  called  the  "Great 
Oliiw-rvt^r  of  Ita  and  Atniu,"  had  the  privilege  of  entering  at  all  times 

'1  or  NitdM.    The  priest  I'adouamen,  wliose  ranmuiy 

,  hitTi-  \,\\fw  among  his  other  titles, 
of  tin;  title  was  not  only  to  as»ociate  the  Tlieban 
<-ir  northern  eoiifri'Tes,  but  surely  to  proclaim  that 
p  WHH  completely  restored. 


Y,r\i  CulaloBiic,"  p.  2G3. 
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V. — THE  WOBK   OF   THE   TWENTY-FIFTH    DYNASTY. 

There  was  auother  invasion  from  Syria,  which  founded  the  twenty- 
RecoDd  dyaasty.  and  again  the  gnvcTDiuent  i»  carried  on  in  cities  with 
ea«t  and  west  walls  (Sais,  Tanis,  nnd  Bubiistis).  The  solstitial  solar 
priests  of  Thebes  withdraw  to  Ethiopia.  They  return,  however,  in  700 
D.  c,  drive  oat  the  Syrian  invaders,  and,  under  Shabaka  and  Taharga, 
found  a  dynasty  (the  twenty-flfth)  at  Thebes,  and  embellish  the  solsti- 
tial solar  temples  there. 

VI.— ANTHEOPOLOalCil,  KVIDENrK. 

It  will  be  seen  then  that  a  general  survey  of  Egyptian  history  doesV 
suggest  conflict  between  two  races,  and  this,  of  course,  goes  to  \ 
strengthen  the  view  that  the  temple  building  phenomena  suggest  two  ' 
different  worships,  depending  upon  race  di.stinctiona. 

We  have  next  to  ask  if  there  is  any  anthropological  evidence  at  our 
disposal.  It  so  hapi>en8  that  Virchjjw-has  directed  his  attention  to 
this  very  point.* 

Premising  that  a  strong  race  distinction  is  recognized  between  peo- 
ples having  braehycephalic  or  short,  and  dolichocephalic  or  long,  skulls, 
and  that  the  African  races  belong  to  the  latter  group,  I  may  give  the 
following  extract  from  his  paper : 

"The  craniological  type  in  the  ancient  empire  was  different  from  that 
in  the  middle  and  new.  The  skulls  from  the  ancient  empire  are  brachy- 
cephalic,  those  from  the  new  and  of  the  present  day  are  either  doleho- 
cephalic  or  mesaticephalic;  the  difference  is  therefore  at  least  as 
great  as  that  between  the  dolicbocephalc  skulls  of  the  Prankish  graves 
and  the  predominantly  bracbycephalic  skulls  of  the  present  population 
of  South  Germany.  I  do  imt  deny  that  wc  have  hitherto  had  at  our 
dispOBal  only  a  very  limited  number  of  skulls  from  the  ancient  empire 
which  have  been  certainly  determined;  that  therefore  the  question 
whether  the  bracbycephalic  skull-type  deduced  from  these  was  the 
general  or  at  least  the  predominant  one  can  not  yet  he  answered  with 
<-4^rtAiiity,  hut  I  may  appi-al  tn  Mil*  fuct^tliat  the  sculptors flflJifi  aijeient 
"""'""  "■'"''>  tiM  brachy cephalic  type  tlic  Tiasis  Qf^tlieir  works^of  art,__ 


It  will  be  seen  then  that  the  anthropological  as  well  as  the  histor- 
ical evidence  "runs  on  all  fours"  with  the  results  to  be  obtained  from 
such  a  study  of  the  old  astronomy  as  the  temples  aftord  us. 

■  Prof.  R.  Vtrchow:  "  IauA  nnd  Letitc  iin  alten  iind  iiniicu  ApRyptpn."  I'erhand- 
Inngen  dn-  GeteUchaffi /iir  Erdkundttu  Beriin,  Baad  xv,  No.  9,  pp.  434-436. 
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VARIABLE  STAKa." 


By  Prof.  C.  A.  Young. 


For  the  most  part  the  stars  maintain  their  places  and  brightness 
apparently  uucbanged;  the  heavens  of  to-day  are  substantially  the 
aanie  as  those  of  Job  and  Uoiner.  The  comparison  of  a  modern  star 
catalogne  with  that  of  Hipparehus  as  preserved  by  Ptolemy  shows  that 
with  few  and  generally  slight  excepcionfi  the  principal  stars  still  hold 
the  same  relative  i>ositions  and  the  same  rank  in  brightness  which  they 
did  two  thousand  years  ago.  And  yet  we  know  that  all  the  time  they 
have  been  swiftly  moving  in  all  directions  at  rates  sometimes  exceed- 
ing 100  miles  a  second — some  approaching  us  and  some  receding. 
Then,  too,  they  have  all  been  growing  old  together,  some  advancing 
trom  stellar  infancy  toward  adult  vigor,  and  some  descending  toward' 
extinction.  The  apparent  permanence  is  apparent  only, — due  simply  to 
the  fact  that  the  scale  of  human  life  and  all  our  terrestrial  surround- 
ings is  practically  infinitesimal  as  compared  with  that  of  the  stellar 
universe.  Even  the  nearest  star  is  so  remote  that  if  it  were  rushing 
direi;tly  toward  us  with  the  a|>eed  of  100  mites  a  second  it  would  gain 
1)1  brightness  only  about  2^  per  cent  in  a  century,  an  amount  barely 
observable  by  our  best  photometers.  As  to  changes  due  merely  to 
advancing  age,  a  century  bears  only  some  such  ratio  to  the  lifetime  of 
a  star  as  a  single  minute  to  that  of  an  aged  man. 

But  while  all  this  is  true  there  are  several  hundred  stars  which  are 
known  as  "  variables,"  and  undergo  considerable  changes  of  bright- 
ness, sometimes  quite  rapidly.  They  form  the  subject  of  a  most  inter- 
esting and  important  chapter  in  astronomy, — a  chapter  which  may  be 
regarded  as  opened  by  Tycho's  observations  of  the  marvellous  star  of 
1572,  but  even  yet  only  begun ;  in  fact,  nearly  all  the  systematic  work 
that  has  Iteen  done  in  this  line  has  been  iiccomplisbed  within  the  last 
sixty  years. 

These  "variables"  may  be  roughly  chvssified  as  follows:  First,  we 
have  a  few  Ktars  that  Necm  to  be  gradually,  and  more  or  less  steadily, 
growing  brighter  or  fainter,  judging  from  their  present  rank  as  com- 
pared with  that  which  they  used  to  hold;  Alpha  Oeminortim  is  a  case 

•  From  Tht  Popular  Scitnct  XeK»,  Huston,  Dec,  181>3;  vol.  xxvii,  pp.  177,178. 
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in  poiut,  beiDg  now  distinctly  fainter  than  its  neiglibor,  Bet-a,  althoagh 
presumably  when  Bayer  assigned  tlie  letters,  about  tliree  hundred 
yeara  ago,  the  reverse  was  the  case.  A  second  class  consists  of  those 
which  oscillate  in  brigbtnei^s,  but  without  any  apparent  regularity, 
like  Eta  Argun,  and  Alpha  Orionh.  The  third  class  is  made  op  of  the 
so-called  "temporary  stars,"  stars  which  suddenly  shine  out  and  after 
a  few  months  disappear  or  become  very  faint.  There  have  been  about 
a  dozen  instances  of  this  Kind,  the  last  being  the  "  new  star  in  Aurit/a," 
which  appeared  in  1892.  The  fourth  class,  and  by  far  the  most  numer- 
ons,  is  made  up  of  those  which  vary  periodically  in  brightness  in  a 
manner  which  admits  of  mathematical  prediction.  Among  these 
periodic  stars,  at  least  three  subclasses  are  to  be  distinguished:  (a) 
Those  which  at  regular  intervals  brighten  up  for  a  comparatively  shore 
time  and  then  fall  bac^k  to  their  normal  condition  until  the  next  maxi- 
mum. These  are  often  referred  to  as  tlie  "  Omicron  CiU  type," 
because  that  star  usually  called  Mira,  or  the  "wonderful,"  is  the  most 
conspicuous  and  longest  known  of  all  that  belong  to  it.  The  majority 
of  the  iMjriodic  stars  belong  to  this  sub-class,  and  generally  repeat 
their  changes  about  once  a  year,  though  their  periods  range  all  the 
way  from  one  hundred  and  tep  days  to  six  hundred  and  ten.  (6)  The 
second  subclass  includes  the  stars  which,  like  Beta  Lyrw,  are  in  a 
continual  state  of  activity;  they  often  present  more  than  one  maxi- 
mum of  brightness  within  a  single  complete  period,  which  is  usually 
somewhere  between  five  days  and  sixty,  (c)  Finally,  we  have  the  ten 
stars  of  the  so-called  "Algol  type,"  which  behave  in  a  manner  pre- 
cisely the  opposite  of  that  of  the  stars  of  the  first  subclass,  i.  c,  they 
undergo  periodical  diminutions  or  eclipses  of  their  light,  remaining 
fOr  the  remainder  of  the  time  steadily  bright.  Their  periods  are 
always  short,  ranging  from  seven  hours  to  ten  days.  The  tyi>e  of  the 
class  is  Beta  Pernei,  better  known  as  Algol. . 

The  variations  of  the  stars  of  this  class  can  be  very  simply  explained 
as  merely  due  to  iictual  eclipses,  and  the  truth  of  this  explanation  has 
been  practically  established  witliin  tlie  last  three  years  by  the  spectro- 
scopic work  of  Vogcl,  at  Potsdam.  Tlie  period  of  Algol  \s  a  trifle  under 
sixty-nine  hours,  and  tlie  ph<»tographs  show  that  seventeen  hours  before 
the  obscuration  the  lines  of  its  spectrum  are  displaced  toward  the  red 
by  an  amount  which  indicates  that  it  is  then  receding  from  us  at  the 
rate  of  about  27  miles  a  second,  while  seventeen  hours  after  tlie  obscu- 
ration it  is  found  to  be  approaching  at  the  same  rate;  in  short,  the 
observations  prove  that  the  star  is  moving  in  an  orbit  nearly  circular, 
a  little  more  than  2,000,000  miles  in  diameter,  and  lying  in  a  plane 
nearly  passing  throngli  the  observer.  Now  if  the  periodical  obscura- 
tion is  really  caused  by  the  interposition  of  an  eclipsing  body,  the 
bright  star  must  necessarily  circulate  around  the  common  center  of 
gravity  between  itself  and  its  dusky  attendant  in  just  this  sort  of  way, 
and  the  detection  of  such  motion  falls  little  short  of  a  demopstniti<m  of 
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the  liyiKitlieHis.  We  may  go  furtber;  UikiDgiiitu  auvoiuitthefa^rt  that 
the  whole  "euhpse"  lasts  for  ahoat  eight  hours,  and  that  the  star  loses 
about  two- thirds  of  its  light  at  the  time  of  maximum  obsciiratiou  (vhcii 
the  brightuess  remains  vitliout  change  for  about  twenty  minutes),  it 
can  be  safely  iuferred  that  the  dark  attendant  is  just  about  four-fifths 
the  diameter  of  the  bright  star  and  about  half  as  heavy.  Also  that 
the  distance  bt-tweeu  the  two  is  about  3,2.50,000  miles,  the  diameters  of 
the  two  bodies  being  resperltvely  about  l,OtiO,000  and  840,000  miles. 
Moreover,  the  eombined  mass  of  the  two  is  about  two- thirds  that  of  the 
sun,  and  their  density  only  one -fifth  as  great,  uot  mueh  exceeding  that 
of  cork. 

Nor  is  this  all;  since  the  discovery  of  the  variability  of  the  star  in 
1782,  a  slight  but  distiuct  variation  of  the  period  has  l>eeo  observed,  of 
such  a  chara4-ter  as  bo  set  the  times  of  eclipse  alternately  backward  and 
forward  by  about  two  hours  and  a  half  in  the  interval  between  1804  and 
1869.  Prom  this,  combined  with  certain  minute  irregularities  in  the 
"  proper  motion  "  of  the  star,  Mr,  Ohaudler  two  years  ago  showed  that 
Algol  and  its  companion  must  be  moving  together  in  a  great  orbit, 
nearly  )is  large  as  that  of  the  planet  Uranus,  completing  the  revolution 
in  a  period  of  about  one  hundred  and  thirty  years;  at  least,  such  a  revo- 
lution would  aceonnt  for  the  facts,  while  no  other  hyjiothesisyet  proposed 
irill  do  so.  And  if  this  revolution  is  I'eal,  it  must  be  around  someneigh- 
boring  body,  so  faintly  luminous  that  it  has  not  yet  been  det«ct«(i.  The 
story  of  Algol  opens  up  to  us  a  new  universe  of  "dark  stars" — bodies 
invisible,butmHssive  and  powerful.  Presumably  the  other  stars  of  the 
Afjfol  class  admit  of  asimilar  explanation, although  as  yet  they  have  not 
been  spectros<;opiciiIly  studied,  being  all  of  them  small  and  too  faint  for 
investigation  with  the  instruments  at  present  available.  When  thegreat 
Yerkes  telescope,  now  nearing  completion,  is  mounted  at  Lake  Geneva  it 
is  expected  that  one  of  its  earliest  applications  will  be  to  investigations 
of  this  sort.  It  should  be  added  also  that  certain  peculiarities  in  the 
light  4-urve.s  of  some  of  these  stars  seem  to  indicate  that  we  have  not 
quite  reached  the  bottom  of  the  matter;  that  in  siddition  to  the  eclipse, 
and  perhaps  caused  by  it,  there  are  real  variations  in  the  light-giving 
power  of  the  star. 

As  to  the  other  classes  of  variables,  there  is  no  such  satisfactory 
explanation  nor  any  generally  received  theory.  In  the  case  of  Beta 
Lifr<E  and  its  congeners,  we  have  apparently  mechanical  and  other 
causes  combined — the  axial  revolution  of  a  star,  jierhaps,  or  possibly 
the  whirling  of  a  group  of  stars,  atrconipanied  by  tidal  changes  in  the 
brightness  and  spectroscopic  charact«ristic8  of  their  light,  for  while 
the  minima  of  the  Algol  variables  are  not  accompanied  by  any  altera- 
tion of  the  character  of  the  Hues  in  their  spectra,  it  is  not  .so  with  the 
other  variables;  their  spectra  arc  almost  all  of  them  characterized  by 
bright  lines,  which  become  especially  brilliant  at  the  time  of  maximum 
brightness.     Beta  Lyrce  presents  conspicuously  in  its  si)ectrum  bot^ 
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bright  find  dark  lines,  due  to  hydrogen ;  and  tlione  Khift  back  mid  fnrth 
with  reference  to  each  other  in  Ru<-b  a  way  as  apparently  to  indicate 
the  presence  of  two  or  more  bodies  whirling  anmud  each  other,  one  of 
them  giving  tlie  ordinary  dark-line  sj)ectruni  and  the  other  the  bright- 
line  spectrum  of  the  gas. 

The  starB  of  the  lirst  and  tuucb  the  mo»t  imnieroiis  subclass  are 
iieai'ly  all  distinctly  red  an<l  hIiow  in  tln-ir  spectra  the  bright  lines  of 
hydrogen,  but  do  not  a«  yet  funiinh  any  certain  evidence  that  their 
l>eriodicity  is  of  a  mechanical  origin  due;  that  in,  to  a  revolution  of 
some  sort.  Possibly  the  explanation  projwsed  by  Lockyer  may  ulti- 
mately be  verified — that  the  sudden  evolution  of  tight  is  due  to  the 
collision  between  two  swarms  of  meteors  which  revolve  around  their 
common  center  of  gravity,  and  brush  against  each  other  as  they  pass 
their  perihelion  point.  But  tlie  periodicity  of  this  class  of  variables  is 
hardly  regular  enough  to  suit  this  explanation,  and  the  sudden  out- 
burstof  the  bright  lines  in  the  spectrum  of  a  star  suggests  rather  some 
Buch  action,  though  on  a  vastly  grander  scale,  as  that  which  causes  the 
sun  Npots  and  the  solar  iirominences, — C)iuseso]>eratingwithin  the  star 
itself. 

As  to  the  "  temtiorary  stars"  opinion  is  much  divided.  On  the  one 
hand  Ix>ckyer  and  his  numerous  followers  attribute  the  phenomena  to 
the  collision  of  swarms  of  meteors,  while  ou  tlic  other  Huggins  and 
Vogel  are  disposed  to  assimilate  thein  to  the  solar  eruptions.  The 
latest  instance  of  the  kind,  the  "Nova  Auriga-"  already  alluded  to, 
which  appeared  in  February,  1892,  has  been  most  exhaustively  studied 
by  a  great  number  of  observers.  It  is  agreed  ou  all  hands  that  at 
first  its  spectnim  was  full  of  bright  lines,  and  dark  lines  also;  and  that 
among  these  lines  those  of  hydrogen,  both  bright  and  dark,  were  S[)ec- 
ially  ■  couspiciious,  just  as  in  the  spectrum  of  Beta  Lyra';  and  more- 
over, that  the  bright  lines  were  so  shifte*!  towards  the  red  end  of  the 
spectrum  with  resi>ect  to  the  dark  lines  as  to  indicate  the  tremeudons 
relative  velocity  of  more  tliau  500  uules  a  second  in  the  two  massea  to 
which  the  lines  were  respectively  due.  As  to  the  other  lines  there  was 
dispute.  Ijockyer  maintained  that  they  were  the  same  that  are  found 
in  the  nebuhe;  other  observers,  no  doubt  (correctly,  identified  them 
with  certain  lines  which  are  conspicuous  in  the  spectrum  of  the  solar 
chromosphereinevery  important  eruption.  The  star  faded  to  apparent 
extiuctinn  in  April,  1802,  but  most  unexpectedly- brightened  up  again 
the  following  August,  though  not  so  as  to  be  seen  with  the  naked  eye; 
with  the  telescope  it  is  still  visible.  Its  spectrum,  however,  has  under- 
gone a  remarkable  transformation,  many  of  the  lines  which  were 
formerly  most  conspicuous  having  disappeared,  while  others  have  taken 
their  place,  so  that  at  present  it  is  unquestionably  a  nebular  spectrum. 
As  Mr,  Campbell,  of  the  Lick  Observatory,  who  has  perhaps  the  Iwst 
right  to  speak  authoritatively,  puts  it,  "The  lines  of  the  present 
spectrum   do   not   occupy  the  positions  of  the  lines  in  the  Februajy 
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Bpectram,  nor  the  positions  of  the  lines  in  the  solar  chromosphere,  nor 
the  positioiisof  theliues  in  the  spectra  of  any  of  the  bright-lines  stars; 
they  do  occapy  the  positions  of  the  hoes  in  the  nebulie,  and  the  spec- 
trum resembles  nebalie  spectra  as  closely  as  well  known  nebulee 
spectra  resemble  each  other."  This  is  sai<l  in  answer  to  some  high 
antliorities  who  find  it  difBcnlt  to  admit  so  surprising  a  fact  as  such  a 
transformation.  It  certainly  looks  as  if  we  had  to  do  with  a  reversion 
of  the  ordinary  course  of  stellar  development;  instead  of  the  forma- 
tion of  a  star  by  the  slow  condensation  of  a  nebula,  we  seem  to  have 
the  sudden  formation  of  a  nebula  by  the  violent  6x])losiori  of  a  star. 
But  specalation  on  so  small  a  banis  of  fitct  is  hardly  sound. 

I  must  not  close  without  a  reference  to  the  important,  though  unpre- 
tending, catalogue  of  variable  stars  just  published  by  Mr.  Chandler, 
of  Cambridge,  who,  smce  the  death  of  Schonfeld,  may  be  regardwl  as 
at  the  head  of  the  department  of  variable  stars,  so  far  at  least  as  relates 
to  the  mathematical  aspects  of  the  subject.  The  ilrat  step  to  any  real 
mastery  of  it  mnst  beau  accurate  collection  of  facts,  such  as  this  cata- 
logue embodies.  It  gives  a  list  of  all  the  st^rs  which  are  certainly 
known  at  present  to  be  variable,  200  in  number  (62  of  them  naked-eye 
stars),  and  adds  a  subsidiary  list  of  100  more  which  are  more  or  less 
strongly  suspected.  Of  the  260,  about  35  are  known  to  be  iiTCgular 
and  unpredictable  in  their  variations,  and  about  as  many  more  are 
still  in  doubt  as  regards  the  periodicity  of  their  changes.  The  remain- 
ing 190  are  clearly  periodic,  and  Mr.  Chandler  gives  for  each  of  them 
the  formula  by  means  of  which  its  variations  can  be  predicted,  thus 
embodying  in  a  few  modest  figures  the  result  of  an  enormous  aniouut 
of  skillful  labor.  Ten  of  the  variables  belong  to  the  Algol  class,  about 
26  to  that  of  Beta  Lyra,  and  the  rest  resemble  Omicron  Ceti  more  or 
less  perfectly.  It  should  be  added  also  that  the  list  of  variables  is 
constantly  growing — chiefly,  of  course,  among  the  telescopic  stars. 
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By  Sir  Gboroe  G.  Stokes. 


I  intend  to  bring  before  you  to-night  a  subject  which  the  study  of 
bgbt  has  caused  me  to  think  a  good  desil  about:  I  refer  to  the  nature 
and  properties  of  the  so-called  luminiferous  ietlier.  This  subject  is,  m 
one  respect,  specially  fasciuating,  scientifically  considered.  It  lies,  we 
may  say,  in  an  especial  manner  ou  the  bordevland  between  what  is 
known  and  what  is  unkoown.  In  the  study  of  it,  it  is  quite  conceivable 
that  great  di-scoveneis  may  be  made,  aud  in  fact  great  discoveries 
have  already  been  made,  and  I  may  say  even  quite  recently,  and  we 
do  not  at  present  know  bow  much  additional  lighten  the  system  of 
Nature  may  be  in  store  for  the  men  of  science;  jtossibly  even  id  the 
near  future,  possibly  not  until  many  generations  have  passed  away. 
I  will  asxume,  as  what  is  familnrly  known  to  you  all,  and  what  is  well 
established  by  methods  into  which  1  will  not  enter,  that  the  heavenly 
bodies  are  at  an  immense  distiinve  from  our  earth.  More  especially  is 
tbie  the  case  with  the  fixed  stars.  Tbeir  distance  is  so  enormous  that 
even  when  we  tiik<;  as  a  base  tine,  so  to  npeak,  the  diameter  of  the 
earth's  orbit,  which  we  know  to  be  almut  184,<)0U,UU0  of  miles,  the 
apparent  displacement  of  the  «tai'S  due  to  parallax  is  so  minute  as 
almost  to  elude  our  investigation.  Nevertheless  that  distance  is  more 
or  less  accurately  determined  in  the  case  of  a  few  of  the  Jixed  stars. 
But  the  vast  majority,  as  we  have  every  reason  to  believe,  are  at  such 
an  enormous  distantre  that  even  tbis  method  fails  with  them. 

To  give  a  conception  of  the  immense  distant*  of  the  Used  stars,  I 
will  assume  as  known  that  light  travels  at  the  rate  of  about  180,000 
miles  in  one  second,  a  rate  which  would  carry  it  nearly  eight  times 
round  and  round  the  earth  in  that  time;  and  yet  if  we  take  the  star 
which,  so  far  as  we  know,  is  our  nearest  neighbor,  It  would  take  about 
four  years  for  light  from  that  star  to  reach  the  earth.  Now  as  we 
see  the  fixed  stars  there  must  be  some  link  of  connection  between  us 
and  them  in  order  that  we  should  be  able  to  perceive  them.  Probably 
all  of  you  know  that  two  theories  have  been  put  forward  as  to  the 
nature  of  light,  as  t«  the  nature  accordingly  of  that  connection  of 

*  ProaidentUI  wtilresa  at  atiiiiverHiiry  meeting  of  VictoriH  bistitiito,  Jime  29,   VHiS. 
{Xature.  July  27,  1893;  viil.  xlviH,  pi>.  306-30H.) 
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which  1  have  spoken.  Accordiug  to  one  idt-a,  light  in  a  Miibstaii<-« 
darted  forth  from  the  lamiuoua  body  with  an  amazing  velocity;  accord- 
iug  to  the  other,  it  c^iiisista  iu  a  chauge  of  state  taking  place,  propa- 
gated through  a  inediiini,  as  it  is  called,  intervening  between  the  body 
from  which  the  light  pnweeds  and  the  eye  of  the  observer.  For  a  con- 
siderable time  the  first  of  these  theories  was  that  chiefly  adopted  by 
scientific  men.  It  was  that,  a.s  you  kuow,  which  Newton  himself  adopted ; 
and  probably  the  prestige  of  his  name  bad  much  to  do  with  the  favor- 
able reception  which  for  a  long  time  it  received.  Bnt  more  recent 
researches  have  so  completi'ly  establislied  the  truth  of  the  other  view, 
and  refuted  the  old  doctrine  of  emissions,  that  it  i.s  now  universally 
held  by  scientific  men  that  light  consists  in  an  undtilatory  movement 
propagated  in  a  medium  existing  iu  all  the  sjiace  through  which  light 
is  capable  of  passing. 

This  necessity  for  filling  all  space,  or  at  least  such  an  inconceivably 
great  extent  of  space,  with  a  medium,  the  office  of  which,  so  far  as  was 
known  in  the  flrst  instance,  was  simply  that  of  propagating  light,  was 
an  obstacle  for  a  time  to  the  reception  by  the  minds  of  some  of  the 
theory  of  nndulatious.  Men  had  been  in  the  habit  of  regarding  the 
interplanetary  and  inter-stellar  space  as  a  vacuum,  and  it  seemed  too 
great  an  assumption  to  fill  all  this  supposed  vacuous  space  with  some 
kind  of  medium  for  the  S(de  purpose  of  transmitting  light.  Notwith- 
stauding,  even  long  ago  strong  opinions  were  entertainwl  to  the  efl'ect 
that  there  must  be  something  intervening  between  the  (lifTerent  he^iv- 
enly  bodies.  In  a  letter  to  Bentley,  Kcwton  expresses  himself  in  very 
strong  language  to  this  effect:  "That  gravity  should  be  innate,  inher- 
ent and  essential  to  mutter,  so  that  one  boily  may  act  ut>on  another  at 
a  distance  through  a  vacuum,  without  the  metliation  of  anything  else, 
by  and  through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is  to  me  so  great  an  absurdity  that  I  believe  that  no 
man  who  has  in  philosophical  niutteis  a  competent  faculty  of  thinking, 
can  ever  fall  into  it.  Gmvity  must  be  caused  by  an  agent  acting  con- 
stantly according  to  certain  fixed  laws;  but  whether  this  agent  be 
material  or  immaterial,  I  have  left  to  the  consideration  of  my  readers." 

What  thetuaturc  of  the  connection  between  the  earth  and  the  sun, 
for  example,  may  be  whereby  the  sun  is  able  to  attract  the  earth  and 
thereby  keep  it  iu  its  orbit — in  other  words,  what  the  cause  of  gravi- 
tation may  be — we  do  not  know;  foranything  weknow  to  the  wmtrary, 
it  may  be  connected  witli  this  intermediate  medium  or  luminiferons 
aither.  There  are  other  offices,  we  believe,  which  this  luminiferous 
aither  fulfills,  to  which  I  shall  have  occasion  to  allude  presently. 

Inctmncction  with  the  necessity  for  filling  such  vast  regions  of  space 
with  this  medium,  a  curious  question  naturally  presents  itself.  We 
can  not  conceive  of  space  as  other  than  infinite,  but  we  habitually  think 
of  matter  as  occupying  hero  or  there  limited  portions  of  space,  as  for 
example  the   didereut  heavenly  bodies.     The  intervening  space  we 
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cotnmonly  think  of  as  a  vacuum,  and  it  is  only  tbe  phenomeoa  of  light 
that  led  ns  in  the  first  iostance  to  think  ot  it  as  filled  with  some  kind 
of  material.  The  question  naturally  presents  itselfto  the  mind— is  this 
fether  absolutely  iufinit«  like  space!  This  is  a  question  to  which 
science  can  give  no  answer.  Though  we  can  not  help  thinking  of  space 
as  infinite,  yet  when  we  turn  our  thoughts  to  some  material  existing  io 
space  i>erbaps  we  more  readily  think  of  it  as  finite  than  infinite.  But 
if  the  .-ether,  however  vast  the  portion  of  space  over  which  it  extends, 
be  really  limited,  we  can  hardly  fail  to  s|)eculate  what  there  may  be 
outside  itH  limits.  Space  there  might  be  wholly  vacuous,  or  possibly 
outside  altogether  this  vast  system  of  stars  and  sether  there  may  be 
another  system  subject  to  the  same  laws,  or  subject  to  diflerent  laws, 
a,s  the  case  may  be,  equally  vast  in  extent;  and  if  there  be,  then  so  far 
as  we  can  gather  from  such  phenomena  as  are  open  to  our  investiga- 
tion, there  can  be  no  (-ommunicatioii  between  that  vast  portion  of 
space  in  part  of  which  we  live  and  an  ideal  system  altogether  outside 
the  ffther  of  which  we  have  been  si>eakiug. 

But  the  properties  of  the  .'ether  are  no  less  remarkable  than  its  vast 
or  even  possibly  limitless  extent.  Matter  of  which  our  senses  give  as 
any  cognisance  is  heavy,  that  is  to  say,  it  gravitates  toward  other 
matter  which  agrees  with  it  in  so  far  as  being  accessible  to  our  senses. 
The  question  presents  itself  to  the  mind,  does  the  oither  gravitate 
toward  what  we  call  iMmdernblc  matter!  This  is  a  question  to  which 
we>are  not  able  to  give  any  positive  scientific  answer.  If  the  aether  be 
in  Home  way  or  other  connected  with  the  cause  of  gravitation  it  would 
seem  more  likely  that  it  itself  does  not  gravitate  toward  ponderable 
matter. 

Again,  we  have  very  strong  reason  for  believing  that  iwnderable 
matter  consists  of  ultimate  molecules.  First,  that  supposition  accords 
in  the  simplest  way  with  the  laws  of  crystallography.  Chemical  laws 
afford  still  stronger  confirmation  of  the  hypothesis,  through  the  atomic 
theory  of  Dalton,  now  universally  accepted.  Comparatively  recently, 
the  deduction  of  the  fundamental  propeily  of  gases  from  the  kinetic 
theory,  as  it  is  called,  affords  strong  additional  confirmation  of  that 
view  of  the  constitution  of  matt«r.  Still  more  recently,  the  explana- 
tion which  has  been  afforded  by  that  theory  of  that  most  remarkable 
instrument  the  "radiometer"  of  Crookes  has  lent  further  confirmation  in 
the  same  direction.  None  of  tlie^e  evidences  apply  to  the  a'ther,  and 
accordingly  we  are  left  in  doubt  whether  it  too  consists  of  ultimate 
molecules,  or  whether  on  the  other  hand  it  is  continuous,  as  we  can  uot 
help  conceiving  space  to  be. 

The  uiidulatory  theory  of  light  was  greatly  promoted  in  the  first 
instance  by  the  known  phenomena  of  sound,  and  the  explanation  which 
they  received  from  the  hydro-dynamical  theory.  Accordingly,  since 
sound,  as  we  know,  consists  of  an  undulatory  movement  propagated 
through  the  air  (or  it  may  be  through  other  media),  and  depeudlug 
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npon  condeusatioD  and  rarefaction,  it  was  supiwsed  naturally  that 
ligbt  was  propagated  in  a  similar  manner,  by  virtue  of  the  forces  bronglit 
into  play  by  tlieeondensation  and  rarefaction  of  tlieretber.  But  there 
18  one  whole  class  of  pbenomvDa  which  have  actually  no  counterpart 
in  those  of  sound ;  I  refer  to  ^HtlarizatioD  and  double  refraction. 

The  evidence  for  the  truth  of  the  theory  of  uuihilations  as  reji^ards 
the  phenomena  of  common  light  depends  in  great  measure  upon  the 
fact  of  interference  and  the  explanation  which  the  theory  gives  of  the 
complicated  phenomena  of  ^iifiaction.  But  in  studying  the  interfer- 
ence of  jmlarized  light,  additional  phenomena  presented  themselves 
which  ultimately  (wnited  out  that  the  vibrations  with  which  we  are 
concerned  in  the  case  of  the  lether  differ  altogether  in  tlietr  character 
from  those  which  belong  to  sound.  The  phenomena  of  the  interference 
of  polarized  light  prove  iucontestably  that  there  exists  in  light  an 
element  of  some  kind  having  relation  to  directions  transverse  to  that 
of  propagation,  and  adinilting  of  composition  and  resolution  in  a  plane 
perpendicular  to  the  direction  of  transmission  according  to  the  very 
Bume  laws  as  those  of  the  composition  and  rcHolution  of  forces,  or 
velocities,  or  displacements  in  su<;h  a  plane.  This  re(|iiires  us  to 
attribute  to  the  lether  a  constitution  altogether  ditl'erent  from  that  of 
air.  It  |>oiut3  out  the  existence  of  a  sort  of  elasticity  whereby  the 
lether  tends  to  check  the  gliding  of  one  layer  over  another.  Have  we 
no  exampleof  such  a  force  in  the  case  of  imnderable  matter*  We  have. 
We  know  that  an  elastic  solid,  which  for  simplicity  I  will  suppase  to 
be  uncrystulltne,  and  alike  in  all  directions,  has  two  kinds  of  elasticity, 
by  one  of  which  it,  like  air,  tends  to  resist  comprei^sion  and  rarefaction; 
while  by  the  other  it  tends  to  resist  a  continuous  gliding  of  one  portion 
over  another,  and  to  restore  itself  to  its  primitive  state  if  such  a 
gliding  has  taken  plat^e.  There  is  no  direct  relation  between  the 
magnitude  of  these  two  kindsof  elasticity,  and  in  the  case  of  an  elastic 
solid  such  as  Jelly  the  resistance  to  compression  is  enormously  great 
eomi>an>d  to  the  resistance  to  a  ghdiug  displaccmGiit. 

If  we  assume  that  in  theiether  there  is  really  au  elasticity  teuding  to 
restore  it  to  its  primitive  condition  when  one  layer  tends  to  glide  over 
anotlier,  an  elasticity  which  it  apjiears  to  be  absolutely  necessary  to 
admit  in  order  to  account  for  the  observed  laws  of  interference  of  polar- 
ized light,  the  (|ne-stiou  arises,  can  we  thereby  expluhi  double  refrac- 
tion 1 

The  earliest  iittempts  to  explain  it  in  accordance  with  tlie  theory  of 
transverse  vibrations  were  made  by  attributing  to  the  lether  a  molei^ular 
constitution  more  or  leas  analogous  to  that  which  we  believe  to  esist  in 
ponderable  matter.  Following  out  speculations  founded  upon  that 
view,  the  celebrated  Fresnel  was  led  to  the  discovery  of  the  actual 
lawsof  double  refraction;  the  theory  however  which  he  gave  was  by 
no  means  complete,  inasmuch  as  the  results  were  not  rigorously  dedticed 
from  the  premises.    Oauchy  and  Xeiiuauu,  independently  and  about 
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simultaneously,  took  up  Fresuel's  view  of  the  coustttutiou  of  the  fether 
and  applied  it  to  explain  the  luwg  of  double  refra^^tion.  In  their  theory 
the  coucluBJoDB  arrived  at  were  rieoroualy  derived  from  the  premises; 
bnt  the  results  did  not  altogether  agree  with  obaervation ;  that  is  to 
say,  althougb  tbey  could  by  the  adoption  of  certain  sup]>o»itious  be 
forced  into  a  near  accordance  with  the  observed  laws  of  double  refrac- 
tion, yet  they  pointed  out  the  necessity  of  the  existence  of  other  phe- 
nomena which  were  belted  by  obttervation.  Our  own  countryman  (ireen 
was  the  first  to  deduce  Fresnel's  laws  from  a  rigorous  dynamical  theory; 
although  nearly  simultaneously,  MacUulIagh  arrived  at  a  theory  in 
some  respects  similar,  though  on  the  whole  I  think  less  satisfacto^'. 

Still  all  these  theories  followed  pretty  closely  the  analogy  of  ponder- 
able matter;  and  at  least  in  the  first  three  mentioned  tbeivtherwas 
even  imagined  to  consist  of  discrete  molecules,  acting  on  one  another, 
like  the  bodies  of  the  solar  system  regarded  as  points,  by  forces  in  the 
direction  of  the  joining  line,  and  varying  as  some  function  of  the  dis- 
tance. I  have  already  quoted  the  very  strong  laitgunge  in  which  New- 
ton rejected  the  idea  of  the  heavenly  bodies  acting  on  one  another 
across  intervening  spaces  which  were  absolutely  void.  But  the  concep- 
tion has  nothing  to  do  with  the  magnitude  of  the  intervening  spaces; 
and  the  conception  of  action  at  a  distauce  across  an  iutervemng  space 
which  is  absolutely  void,  is  not  a  bit  easier  when  the  sjiace  in  question 
is  merely  that  separating  two  adjacent  molecules,  when  thesvther  is 
thought  of  as  consisting  of  discrete  molecules,  than  it  is  when  the  space 
is  that  separating  two  bodies  of  the  solar  system,  though  in  this  latter 
case  it  may  amount  to  many  millions  of  miles.  If  the  a? tlier  be  in  some 
unknown  manner  the  link  of  connection  whereby  two  heavenly  bodies 
are  enabled  to  exert  on  one  another  the  attraction  of  gravitation,  then 
according  to  the  hypothetical  constitution  of  the  ii^thcr  that  we  have 
been  considering,  we  seem  compelled  to  invent  an  sether  of  the  second 
order,  so  to  speak,  to  form  a  link  of  connection  between  two  separate 
molecalesof  the  luminiferous  tether.  But  sinc«  the  nature  of  the  n'ther 
Is  so  very  difierent  as  it  must  be  from  that  of  ponderable  matter,  it  may 
be  that  the  true  theory  must  proceed  upon  lines  in  which  onr  previous 
conceptions  derived  from  the  study  of  ponderalile  matter  are  in  great 
measure  departed  from. 

If  we  think  of  the  ii-ther  as  a  sort  of  gigantic  Jelly,  we  can  hardly 
imagine  but  that  it  would  more  or  less  resist  the  passage  of  the  hea%'- 
enly  bodies — the  planets  for  instance — through  it.  Yet  there  appears 
to  bo  no  certain  indication  of  any  such  resistunce.  It  has  been 
observed  indee<l  in  the  case  of  Encke's  comet,  that  at  successive  revo- 
lutions the  comet  returned  to  its  perihelion  a  little  before  the  calcu- 
lated time.  This  would  be  accounted  for  by  the  supposition  that  it 
experienced  a  certain  amount  of  resistance  from  the  jvther.  Although 
at  first  sight  we  might  be  disposed  to  say  that  such  a  resistance  would 
retard  perihelion   passage,  yet   tlie   fact   that  it  woulil  accelerate  it 
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becomes  easily  intelligible,  if  we  consider  that  tlie  resistancf^  experi- 
enced would  t«nd  to  check  its  motioo,  an«l  so  prevent  it  from  getting 
away  so  far  from  the  bud  at  aphelion,  and  would  consequently  bring  it 
more  nearly  into  the  condition  of  a  planet  circulating  round  the  sun  in 
a  smaller  orbit. 

Many  years  ago  I  asked  the  highest  authority  in  this  country  on 
pbysicat  astronomy,  the  late  Prof.  Adams,  what  he  tliougfat  of  the  evi- 
dence aflorde<l  by  Encke's  comet  for  the  exi8t«nceof  a  retanling  force, 
such  as  might  arise  from  the  xtber.  He  said  to  me  that  he  thought  we 
did  not  knoweuongb  as  to  whether  there  might  not  possibly  be  a  planet 
or  planets  within  the  orbit  of  Mercury  which  would  account  for  it  in  a 
difi'erent  way.  But  quite  independently  of  such  a  supposition  it  is 
worthy  of  not*  that  the  remarkable  phenomena  presented  by  the  tails 
of  comets  render  it  by  no  means  unlikely  that  even  without  tho  presence 
of  a  resisting  medium,  and  without  the  disturbing  force  arising  from 
the  attraction  of  an  unknown  planet  situated  so  near  t^»  the  sun  as  not 
to  have  been  seen  hitherto,  the  motion  of  the  head  of  a  comet  might 
not  be  i|uite  the  same  as  that  of  a  simple  body  represitntiug  the  nucleus, 
and  being  subject  to  the  gravitation  of  the  sun  and  planets  and  noth- 
ing else.  It  appears  that  the  tails  consist  of  some  kind  of  mutter 
driven  from  the  comet  with  an  enonnous  velocity  by  a  sort  of  repulsion 
emanating  from  the  sun.  If  the  nucleus  loses  in  this  manner  at  each 
perihelion  passage  an  exceedingly  small  portion  of  its  mass,  which  is 
iftpelled  from  the  suti,  it  is  possible  that  tlie  residue  may  ex]>erience  an 
attraction  towards  the  siiu  over  and  above  that  due  to  gravitation,  and 
that  possibly  this  may  be  the  cause  of  the  observed  a^'celeratiou  in  the 
time  of  passing  perihelion  even  though  there  be  no  resistance  on  the 
part  of  the  lether.  So  that  the  question  of  resistant^e  or  no  resistance 
must  be  left  an  open  one. 

The  supposition  that  the  iBther  would  resist  in  this  manner  a  l>ody 
moving  through  it  is  derived  from  what  we  observe  in  the  cast-  of  solids 
moving  througli  fluids,  liquid  or  gaseous,  as  the  case  may  be.  In  ordi- 
nary cases  of  resistance,  the  main  represent.!  tive  of  the  work  appar- 
ently lost  ill  propelling  the  solid  is  in  the  first  instance  the  molecular 
kinetic  energy  of  the  trail  of  eddies  in  the  wake.  The  formation  of 
these  eddies  is  however  an  indiretrt  effect  of  the  internal  friction,  or 
if  we  preter  the  term — viscosity,  of  the  fluid.  Now  the  viscosity  of  gases 
has  been  explained  on  the  kinetic  theory  of  gases,  and  in  the  casttof  a 
liquid  we  cannot  well  doubt  that  it  is  conne<ited  with  the  constitution 
of  the  substance  as  not  l>eing  absolutely  continuous  but  molecular. 
But  if  the  aither  be  either  non-molecular,  or  molecular  in  some  totally 
difl'erent  sense  from  ponderable  matter,  we  Ciiniiot  with  safety  infer 
that  the  motion  of  a  solid  through  it  ne<'cssari]y  implies  resistance. 

The  luminiferous  iptber  touches  on  another  mysterious  agent,  the 

nature  of  which  is  iinknow"  -"■' '•  its  laws  are  in  many  resjiects 

known,  and  it  is  applit  day  want«  of  life,  and  its  appli- 

C.oog 


THE   LOilXTrEB- -r?    XTHEE-  119 

cations  are  even  re;nilaW«l  by  Xrzs  itf  r^::ji:rf-iii :  1  alln<l^  to  elet'trio- 
ity.  1  said  that  tlie  nutore  of  *-kT-irn-:y  is  ai.k&>i«-ii.  More  thso  forty 
years  ago  I  was  Rittiiie  at  dinot-r  be- idt-  lii^  :,'.■■l-\s^'•a'^  Faraday,  and  I 
said  to  him  that  I  tb4tu;;ht  a  ?Tvai  ^icp  «<>j>]  Ljvr  lir«-u  made  if  we 
eould  say  of  electricity  MtUH-rlitii^  a:id>->_'-rs-  i"  r:-.^'.  «♦•  say  of  hght, 
wbeii  we  affirm  that  li^ht  M»D~i~t!>  of  a:.>--jLi:)<>u-:  aud  l.c  t^aid  to  me 
that  he  tbont;lit  we  were  a  Imts  wayofl  itia;  ai  iiri-^f-nt.  But.  ait  I  xaid 
relations  bare  recfnily  heeo  di'^^owrvil  Vi^m-u  Ivtit  and  el^'tm-ity 
which  lead  as  t4i  behevf  that  the  lan«-r  i«  nn»-t  ^■•-•-ly  <--«iii«l€d  with 
the  laniiiitferoQS  a-tber. 

Clark-Ma:£well  showed  that  tlw  ntut  of  two  ^Wtrical  coitstaiits 
(which  are  eapahle  of  beinj;  dt- ttrinmird  by  latMHaloryexiM-rimeiits.  and 
which  are  of  such  a  nature  that  tiial  raiio  f\\)n^~*-^  a  vfUwityj  agrees 
with  remarkable  accara^-y  wiih  tLe  kii"«ii  v»-J<»'ity  of  lijrht.  This 
formed  the  Btarting-i«oiut  of  the  el"-tnni>apTi^ii<'  il.e..rjof  licht  which 
is  so  closely  aHsiK-iati^l  with  l)i»-  uanic  rtf  >lax«>-I!' 
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ATOMS  AND  SUXltKAMS.' 


By  Sir  Kiihekt  Hall,  F.  ii.  S. 


In  recent  years  mi  iiiiimrtiiiit  <:haiige  lias  takeu  place  in  the  manner 
in  which  many  physical  pntbleins  are  approached.  The  philoKopher 
who  now  neekH  an  esphination  of  great  natural  phenomena  not  unfre- 
quently  Hiid»  mucli  assistance  from  certain  remarkable  discoveries  as  to 
the  ultimate  constitiition  of  matter.  Many  an  obscure  quextion  in 
phyflica  lias  been  rendered  clear  when  wme  of  the  properties  of  mole- 
cules have  been  brought  to  light.  No  doubt  our  knowledge  of  the 
natural  history  of  the  molecule  is  still  vastly  wanting  in  derail.  It 
must  however  be  a^lmitUnl  that  we  have  traced  an  outline  of  that 
wonderful  chapter  iu  nature  which  is  spe^riatly  serviceable  in  tbe  <)neB- 
tion  which  I  now  propose  to  discuss. 

The  problem  before  us  may  he  stated  in  the  following  terms.  We 
have  to  illustrate  how  the  sun  ii<  enabled  to  maintain  its  tremendous 
expenditure  of  light  and  heat  without  giving  any  signsof  nppproaching 
exhaustion.  It  will  be  found  that  the  atomic  theory  of  the  constitu- 
tion of  matter  exhibits  the  mechanism  of  the  process  by  which  that 
capacity  of  the  great  luminary  for  supplying  the  radiation  so  vital  to 
the  welfare  of  mankiud  is  sustained  from  age  to  age. 

Let  nie  lierc  anticipate  an  obje<'tiou  which  may  not  improbably  be 
ratse<l.  Those  who  have  paid  attention  to  this  subject  are  aware  that 
the  remarkable  doctrine  first  propounded  by  Helndioltz  removed  all 
real  doubt  from  the  matttrr.  It  is  to  this  eminent  philosopher  we  owe 
an  explanation  of  what  at  flrst  seemed  to  be  a  parados.  He  explained 
bow,  notwithstanding  that  the  sun  rwliates  its  heat  so  profusely,  no 
indications  of  the  inevitable  deidine  of  beat  can  be  as  yet  discovered. 
If  the  sun  had  bct'n  made  of  solid  coal  from  center  to  surface,  aud  if 
that  coal  had  been  bnrne<l  for  the  ]inri>ose  of  sustaining  the  radiation, 
it  can  be  demonstrated  that  a  few  thousand  years  of  solar  expenditure 
at  the  present  rate  would  suflicc  to  exhaust  all  tbc  heat  which  the  com- 
hustjnn  of  that  great  sjihere  of  fuel  could  generate.  We  know  how 
ever  that  tlic  sun  has  iK-en  radiating  bent,  not  alone  for  thousands  of 
years,  bnt  (or  millions  of  years.  The  existence  of  fossil  plants  and  ani- 
mals would  alone  sullici'  to  demonstrate  this  fact.     We  have  thus  to 
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account  for  tbe  extremely  remarkable  circamstaoce  that  onr  gnat 
Inminary  lias  radiated  forth  already  a  thousand  times  a»  much  heataa 
could  be  generated  by  the  combnstioD  of  a  sphere  of  coal  as  big  as  tbe 
'  sun  is  at  present,  and  yet,  notwithstanding  this  expenditure  in  the 
past,  physics  declares  that  for  millions  of  years  to  come  the  sun  may 
continue  to  dispense  light  and  heat  to  its  attendant  worlds  with  the 
same  abundant  prodigality.  To  have  shown  how  tbe  apparent  para- 
dox could  be  removed  is  one  of  the  most  notable  achievements  of  the 
great  German  philosopher. 

What  Helmoltz  did  was  to  refer  to  the  obvious  fact  that  the  expendi- 
ture of  beat  by  radiation  must  necessarily  lead  to  shrinkage  of  tbe 
solar  volume.  This  shrinkage  has  tbe  effect  of  abstracting  from  a  store 
of  potential  energy  in  the  sun  and  transforming  what  it  takes  into  the 
active  form  of  heat.  The  transformation  advances  paripasnu  with  tbe 
radiation,  so  that  the  loss  of  heat  arising  fTx>m  the  radiation  is  restored 
by  the  newly  produced  beat  derived  from  tbe  latent  reservoir.  Sucb  is 
an  outline  of  the  now  famous  doctrine  universally  accepted  among 
physicists.  It  fulfils  the  conditions  of  the  problem,  and  when  tested 
by  arithmetical  calculation  it  is  not  found  wanting. 

But  tbe  genuine  student  of  nature  loves  to  get  to  the  heart  of  a  great 
problem  like  this.  He  loves  to  be  able  to  follow  it,  not  through  mere 
formula  or  .'vbstr act  principles,  but  so  as  to  be  able  to  visualise  its  trnth 
.and  feel  its  certainty.  He  wUI  therefore  often  desire  something  in 
addition  to  the  bare  presentation  of  the  theory  as  above  stated.  It 
may  be  no  doubt  sufficient  for  tbe  mathematician  to  know  that  tbe  total 
lH>tential  energy  in  tbe  sun,  due  to  the  dispersed  nature  of  its  materi- 
als, is  so  vast  that  as  contraction  brings  tbe  materials,  on  the  whole, 
somewhat  nearer  together,  the  potential  energy  thus  surrendered  is 
transformed  into  a  supply  of  heat  quite  a^leqnatc  to  compensate  for  the 
losses  arising  from  the  radiation  by  wbicb  tbe  contraction  was  pro- 
duced. The  student  who  admits — and  who  is  there  that  does  not 
admit f — the  doctrine  of  tbe  conservation  of  energy,  knows  that  in  this 
argument  he  is  on  thoroughly  reliable  ground.  At  the  same  time  the 
argument  does  not  actually  offer  any  very  clear  conception,  or  indeed 
any  conception  at  all,  of  the  precise  modus  operandi  by  which,  as  tbe 
active  iKitential  energy  vanishes,  its  equivalent  in  available  heat 
appears.  1  have  always  felt  that  this  was  tbe  unsatisfactory  part  of 
an  otherwise  perfect  theory.  It  was  therefore  with  much  interest  that 
I  became  acquainted  a  short  time  ago  with  a  development  of  the  mole- 
cular theory  of  gases,  which  afforded  precisely  what  seemed  wanted  to 
make  every  link  in  tbe  chain  of  the  great  argimient  distinctly  percepti- 
ble. I  make  no  doubt  that  the  notions  which  have  occurred  to  me  on 
this  subject  must  have  presented  themselves  to  others  also.  I  have 
however  uo£  read  in  print  or  beard  in  conversation  any  use  made  of  the 
illustration  that  I  am  going  to  set  forth,  I  feel  therefore  confident 
that  eveu  if  it  be  known  at  all,  it  is  certainty  not  generally  known 
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among  the  large  and  eTer-mcreatntiig  circle  of  readers  to  whom  the 
great  que.stioDR  of  physics  are  of  interest. 

The  division  of  matter  into  the  three  forms  of  solids,  liquids,  and 
gases  has  acquired  iu'tliese  days  a  special  signiticance  now  that  the 
constitution  of  matter  is  becoming  in  some  degree  undcrst^Kx].  First 
let  it  be  notetl  that,  though  matter  is  capable  of  subdivision  to  a  cer- 
tain extent,  yet  that  there  is  a  limit  beyond  which  subdivision  could 
not  be  carried.  This  statement  touches  upon  the  ancient  controversy 
as  to  the  infinite  divisibility  of  matter.  Even  stUl  we  can  find  the 
statement  in  some  of  our  old  text-books  that  there  is  no  particle  of  mat- 
ter so  small  that  it  could  not  be  Hgaio  suttdivided  into  half.  No  doubt 
(so  far  as  mo.st  ordinary  experience  goe.s)  this  statement  may  be  unques- 
tionable. It  is  quite  true  that  we  do  not  often  reduce  matter  to  frag- 
ments so  small  that  each  of  them  shall  be  iususceptibleof  further  con- 
ceivable division.  But,  to  illustrate  the  natural  principle  now  under 
consideration,  let  us  take  the  example  of  a  body  which  is  itself  com- 
posed of  but  a  single  element.  Think  for  instance  of  a  diamond, 
which  is,  as  we  all  know,  a  portion  of  crystallized  carbon.  It  is  true 
that  the  reduction  of  diamonds  to  powder  is  a  laborious  proce-ss.  Still, 
diamond  dust  has  to  be  produced  in  the  finishing  of  the  rough  stone, 
and  this  element  will  serve  the  purpose  of  our  present  argument  better 
than  a  substance  of  a  composite  nature.  Kach  particle  of  the  diamond 
duft  is,  of  course,  as  much  a  particle  of  catbon  as  whs  the  original 
crystal.  We  may  however  suppose  that  by  a  repetition  of  the  process 
a  reduction  of  the  diamond  dust  to  powder  still  finer  is  accomplished. 
The-grains  thus  obtained  may  have  become  so  miunte  that  they  have 
ceased  to  be  visible  to  the  unaided  eye,  and  require  a  micro.scope  to 
render  them  perceptible;  but  even  after  this  comminution  each  of  these 
particles  is  still  a  veritable  diamond.  It  possessc-s  the  properties, 
optical,  chemical,  and  mechanical,  of  the  original  gem,  from  which  it 
diftfers  merely  in  the  attribute  of  size.  Even  when  the  disintegration 
has  been  carried  to  such  a  point  that  each  individual  particle  can  be 
only  jnst  perceived  by  the  keenest  power  of  the  most  powerful  micro- 
scope, there  is  still  no  indication  that  the  particles  cease  to  i>ossess 
the  characteristics  of  the  original  bo<ly. 

These  facts  being  iiudonbtcd,  it  was  perhaps  not  unnatural  to  suppose 
that  the  reduction  could  be  carried  on  indefinitely,  and  that  even  if  the 
smallest  fragment  of  diamond  which  could  be  seen  in  a  powerful  micro- 
scope were  reduced  to  a  millionth  part,  and  each  of  those  to  a  million 
more,  yet  that  the  ultimate  particles  thus  reached  would  he  diamonds 
still.  Now.  however,  we  know  that  that  is  not  the  cai^e.  Thesmallest 
particle  visible  under  a  micmscope  might  indeed  be  crushed  into  a  thou- 
sand parts,  and  each  one  of  those  parts,  though  wholly  inappreciable  to 
our  sense  of  touch  or  vision,  would  nevertheless  be  a  genuine  diamond. 
If  however  the  subdivision  be  carried  on  until  the  particles  produced 
are,  roughly  speaking,  oue-millioath  part  of  the  bulk  of  the  smallest 


124  ATOMS  AND   SUNBEAMS. 

objects  which  coald  be  neeo  in  the  niicroBGO[>e,  we  then  approach  the 
limits  of  partition  of  which  the  diniiioiids  would  be  susceptible.  We 
now  know  that  there  is  an  atom  of  diamond  so  small  that  it  must  reftise 
to  undergo  any  further  division.  This  ultimate  atom,  be  it  observed, 
is  not  an  inflnitely  email  quantity.  It  has  definite  dimensions;  it  pos- 
sesses a  definite  weight.  All  Buch  diamond  atoms  are  precisely  alike 
in  weight,  and  probably  in  other  characteristics.  It  might  be  thoaght 
that  if  this  atom  has  finite  dimensions,  it  is,  at  all  events,  conceivable 
that  it  should  admit  of  further  subdivision.  In  a  certain  sense  this  is, 
no  doubt,  the  case.  The  diamond  atom  in  made  up  of  parts  and  being 
so  made  it  is  of  courses  conceivable  that  those  parts  could  be  separated. 
The  important  point  Ut  notice  is,  that  no  means  known  to  us  could  pro- 
duce this  separation,  while  it  is  perfectly  certain  that  if  the  decompo- 
sition of  the  atom  of  diamond  into  distinct  parts  could  be  affected,  those 
parts  would  not  be  diamonds  at  all,  nor  anything  in  the  least  resembling 
diamonds. 

What  we  have  said  as  regards  tlxr  clement  <rart)on  may  I>e  extended 
to  every  other  elementary  substance.  Snlpliur  is  familiarly  known  in 
a  form  of  extreme  subdivision,  and  each  little  particle  of  sulphnr  coatd 
be  further  comminuted  to  a  certain  point  beyond  which  any  further 
partition  would  be  impossible.  So  too  anyenmposite  bo<ly,  such  for 
example  as  a  lump  of  sugar,  admits  of  being  decomposed  into  mole- 
cules so  small  that  any  further  separation  would  be  impossible  if  the . 
molecule  were  still  to  remain  sugar.  Xo  doubt,  a  separation  of  the 
molecule  of  any  eomi>osit4!  body  into  constituent  atoms  of  other  elements 
is  not  alone  possible  but  is  incessantly  taking  place. 

The  first  step  in  our  knowledge  of  the  constitution  of  matter  has  been 
taken  when  we  have  come  to  recognize  that  every  body  is  composed  of 
a  mnltitude  of  extremely,  but  not  infinitely,  small  molecules.  The  next 
point  relates  to  the  condition  in  which  these  molecules  are  found.  At 
first  it  might  be  tliought  that  in  a  solid,  iit  allevents,  the  little  particles 
mast  be  clustered  together  in  a  compact  mass.  If  we  depended  merely 
on  sensible  evidence  it  would  seem  that  a  lum]>  of  Iron,  if  constituted 
fVom  molecules  at  all,  nuistbe  simply  a  cohering  niassof  particles,  just 
as  a  multitude  of  particles  of  sand  unite  to  form  a  lump  of  sandstone. 
But  the  truth  is  far  more  wonderful  tliini  such  a  belief  would  imply. 
Were  the  sensibility  of  our  eyes  so  greatly  increased  as  to  make  them 
a  few  million  times  inure  i>owerful  than  our  present  organs,  then  indeed 
the  display  of  the  texture  of  solid  matter  would  be  an  ast4>uishing  rev- 
elation. It  would  be  seen  that  the  diamond  atoms,  which,  when  aggre- 
gated in  sufllicient  myriads,  form  the  perfect  gem,  were  each  in  a  condi- 
tion of  rapid  movement  of  the  most  complex  description;  each  molecule 
would  be  seen  swinging  to  and  fro  with  the  utmost  violence  among  the 
neighboring  molecules.  It  would  be  seen  quivering  all  over  under  the 
influence  of  the  shocks  which  it  would  receive  i  ement  en- 

counters with  other  nlolel^ules  which  occur  _^    sin  each 
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secoml.  Sach  would  Iw  the  minute  anatomy  of  tbe  diamuud.  The  well- 
known  pro[>ertie3  of  such  gemts  aeem,  at  first  night,  wholly  atTariaoee 
with  the  curious  Rlnicture  we  have  assigned  to  them.  Surely,  it  may  be 
said  that  the  hardness  and  the  impenetrability  so  characteristic  of  the 
diamondrefuteatuncethe8ii[>i>o8itioD  thatit  isnomoretlianaclusteuof 
rapidly  moving  particles.  But  tbe  oatural  philosopher  uow  knows  tbat 
his  axplanation  of  the  qualities  of  the  diamond  holds  the  field  against 
all  other  explanations.  Tbe  well-known  impenetrability  of  the  diamond 
seems  to  arise  iVom  the  fact  that  when  you  try  to  press  a  steel  point 
into  the  stone  you  fail  to  do  ho  because  the  mpidly  moving  molecuieu 
of  the  gem  batter  tbe  end  of  the  steel  point  with  such  extraordinary 
vehemence  that  they  refuse  to  allow  it  to  penetrate  or  even  to  mark  the 
crystallizexl  surface.  When  you  cut  glass  with  a  diamond  it  is  quite 
true  that  the  edge,  which  seems  so  intensely  hard,  is  really  composed 
of  rapidly  moving  atoms.  But  the  glass  which  is  submitted  to  the 
operation  is  also  merely  a  mass  of  moving  mole<:ules,  and  what  seems 
to  bap[>en  is  that,  as  the  diamond  is  pressed  forward,  its  several  parti- 
cles, by  their  superior  vigor,  drive  the  little  partieles  of  glass  out  of  the 
way.  We  do  not  see  the  actual  details  of  the  myriad  encounters  in 
which  the  diamond  atoms  are  victorious  ovfr  the  glassy  luoleculea;  we 
only  discern  tlif  hroiid  result  that  the  diamond  has  done  its  work,  and 
that  the  glass  has  been  cut. 

It  may  \yell  he  a.<ike<l  how  we  know  that  matter  is  constituted  of 
molecules  in  intensely  rapid  movement.  The  statement  seems  at  the 
first  glance  to  be  so  utterly  at  variautH!  with  our  ordinary  exi)crienre 
that  we  demand,  and  rightly  demand,  some  convincing  proof  on  the 
matter.  Tliere  are  many  arguments  by  which  the  required  demon- 
stration can  be  forthcoming.  Theonewhieh  Isbai)  give  is  not  perhaps 
the  most  conclusive,  but  it  has  the  advantnge  of  being  one  of  the  sim- 
plest and  the  most  readily  intelligible. 

Let  us  see  if  we  can  not  prove  »t  once  that  the  molecules  in,  let  as 
say,  a  piece  of  iron  must  be  in  movement.  Suppose  that  tbe  iron  is 
wanned  so  that  it  radiates  heat  to  a  perceptible  extent.  We  know 
tbat  the  heat  which,  in  this  case,  affects  our  nerves  lias  been  trans- 
mitted from  its  origin  by  ietherial  undulations.  Those  undulations 
have  undoubtedly  been  set  in  motion  by  tbe  iron,  and  yet  the  parts 
of  the  metal  seem  quite  motionless  relatively  t«»  each  other,  notwith- 
standing that  they  possess  the  power  of  setting  the  aether  into  vibra- 
tion. It  is  impossible  that  such  vibrations  could  be  pnMluced  were  it 
not  that  there  is  in  the  iron  a  something  which  vibrates  in  such  a 
manner  as  b>  communicate  the  necessary  pulses  to  tbe  nether.  It 
therefore  follows  that  in  the  texture  of  the  solid  iron  there  must  be 
some  molecular  movement,  timed  in  such  a  way  as  to  impart  to  tbe 
fether  tbe  actual  vibrations  which  we  find  it  to  posse.ss.  The  argument 
in  this  case  may  be  illustrated  by  the  analogous  phenomena  presented 
in  the  case  of  sound.     As  we  listen  to  the  notes  of  a  violin,  wbat  wq 
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actnally  perceive  are  vibrations  comtnaoicatetl  through  the  air  to  the 
auditory  apparatus.  We  can  trace  these  aerial  vibrations  back  to  their 
source,  aud  'we  And  they  originate  frutn  the  quivering  of  the  violin 
auder  the  influence  of  the  bow  of  the  performer.  Were  it  not  for  these 
vibrations  of  the  instrument  the  aerial  vibrations  would  uot  be  pro- 
duced, and  the  corresiwiiding  sounds  would  not  be  heard.  Far  more 
delicate  thau  the  atmospheric  waves  of  sound  are  the  aitberial  waves 
corresponding  to  light  or  to  beat,  but  none  the  less  must  these  latter 
also  originate  from  the  impulse  of  some  vibrating  mass.  It  is  thus 
apparent  that  a  hot  piece  of  iron,  however  still  it  may  seem,  muse  be 
animated  by  an  excessively  rapid  molecular  movement.  Kor  is  the 
validity  of  this  conclusion  impaired  even  if  the  iron  be  at  ordinary 
temiJcrature.  We  know  that  a  body  which  is  no  hotter  than  the  sur- 
rounding bodies  is  still  incessantly  radiating  heat  to  them  aud  receiving 
beat  from  tlicm  in  return.  Thus  wo  are  led  to  the  conviction  that  a 
piece  of  iron,  whatever  be  its  temperature,  must  consist  of  atoms  in  a 
state  of  lively  movement.  The  important  conclusion  thus  drawn  with 
regard  to  iron  may  be  equally  stated  with  respect  to  every  other  solid, 
or,  indeed,  every  other  body,  whether  solid,  liquid,  or  gaseous.  All 
matter  of  every  description  is  not  only  known  to  be  composed  of  mole- 
cu)es,  but  it  is  also  now  certain  that  those  molecules  are  incessantly 
performing  nioveuients  of  a  very  complex  type. 

A  closer  study  of  this  subject  will  be  necessary  for  our  present  pur- 
pose, aud  it  will  be  convenient  to  examine  matter  in  that  state  in  which 
it  IS  exhibited  in  its  very  simjtlest  type  from  the  molecular  point  of 
view.  This  condition  is  not  jtresented,  as  might  at  first  be  supt>08ed, 
when  the  matter  is  solid,  Uke  a  diamond,  or  hke  a  piece  of  iron.  Even 
in  a  liquid  the  complexity  of  molecular  constitution,  though  somewhat 
less  than  in  the  ciusc  of  a  solid,  is  still  notably  greater  tlian  in  matter 
which  has  the  gaseous  form.  The  air  that  we  breathe  is  matter  almost 
of  the  most  simple  kind,  so  far  as  molecular  constitution  is  concerned. 
It  should  however  be  noted,  that  as  air  consists  of  a  mixture,  tt  would 
he  better  for  our  purpose  to  think  of  a  gas  isolated  from  any  other  ele- 
ment. Let  us  take  the  case  of  oxygen,  the  most  important  coustitueut 
of  our  atmosphere. 

Like  every  other  clement,  oxygen  is  composed  of  molecules,  and  those 
molecules  are  in  a  state  of  rapid  motion.  It  might  be  expected  that 
tlie  affinity  by  which  the  diflferent  molecules  were  allied  in  the  case  of 
a  gas  should  be  of  the  simplest  nature,  and  this  is  indeed  found  to  be 
the  case.  Notwithstanding  that  oxygen  is  an  invisible  body,  and  not- 
withstimding  that  the  molecules  are  so  excessively  minuto  as  to  be 
severally  quite  inappreciable  to  our  senses,  yet  we  have  been  able  to 
learn  a  great  deal  with  regard  to  the  constitution  of  the  molecules  of 
this  givs.  The  mental  eye  of  the  philosopher  shows  liim  that  though 
the  oxygen  with  which  a  jar  is  filled  appears  tc  'esceut, 

yet  that  quiescence  has  there  no  real  existence.  ixygen 
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cousiste  of  myriads  of  molMuIes  ideutical  iq  weight  and  iti  other 
features,  and  darting  aboat  one  among  the  otber  vitb  velocities  which 
vaiy  perhaps  between  those  of  express  trains  and  those  of  rifle  bullets. 
He  sees  that  each  little  molecule  harries  along  quite  freely  for  a  while 
uutil  it  happens  to  encoanter  some  other  molecule  equally  bent  on  its 
journey,  and  then  a  collision  takes  plac«.  Perhaja  it  would  be  more 
correct  to  say  that  what  usually  bap])ens  is  that  the  two  impinging 
molecules  make  a  very  close  approach ;  then  each  of  tliem  so  vehemently 
attracts  the  other  as  to  make  it  swerve  out  of  its  course  and  start  it  off 
along  a  path,  iudined,  it  may  be,  even  at  a  right  angle  to  that  which 
it  previously  pursued.  The  molecnIeM  in  a  gas  at  ordinary  pressures 
are  so  contiguous  that  these  encounters  take  place  incessantly;  iufact, 
we  are  able  to  show  that  each  individual  mnlecult;  will  probably  expe- 
rience such  adveqturcs  some  millions  of  times  in  the  course  of  each 
second.  We  are  able  to  cah-ulate  the  average  velocity  with  which  the 
several  molecules  move  when  the  gas  has  a  certain  temperature.  We 
know  how  to  determine  the  average  length  of  t  lie  free  path  which  each 
molecule  traverses  in  the  interval  between  two  consecutive  encounters. 
We  are  able  to  trai^e  how  all  these  circunistaiu-es  would  varyif,  iustead 
of  oxygen  gas,  we  took  nitrogen,  or  hydrogen,  or  any  other  body  in  the 
same  molecular  state.  It  is  in  fact  characteristic  of  every  giis  that 
each  molecule  wanders  freely,  subject  only  to  those  incessant  emoun- 
ters  with  other  similar  wanderers  by  which  its  path  is  so  frequently 
disturbed.  If  two  gases  be  place<l  in  the  same  vessel,  one  being  laid 
over  the  other,  it  will  presently  be  found  that  the  two  gases  begin  to 
blend;  ere  long  one  gas  will  have  diffused  uniformly  through  the  other, 
so  that  the  two  will  have  become  a  i>erfect  mixture  just  as  the  oxygen 
and  nitrogen  have  done  in  our  own  atmosphere.  The  molecular  theory 
of  gases  explains  at  once  tlio  actual  character  of  the  operation  by  which 
diffusion  is  efiected.  Across  the  boundary  which  initially  s(>parates 
the  two  gases  certain  molecules  are  projected  from  either  side,  and  this 
process  of  interchange  goes  on  until  the  molecules  become  uniformly 
distributed  throughout. 

There  is  indeed  nothing  more  remarkable  than  the  fact  that  infor- 
mation so  copious  and  so  recondite  can  be  obtained  iu  a  region  which 
lies  altogether  beyond  the  direct  testimony  of  the  senses.  Just  as  the 
astronomer  staggers  our  powers  of  conception  by  the  description  of 
appalling  distances  and  stupendous  i>eriodsof  time,  and  relies  with  con- 
fidence on  the  evidence  which  convinces  him  of  the  reality  of  his  stiite- 
mentB,  so  the  physicist  avails  himself  of  a  like  potent  method  of  research 
to  study  distances  so  minute  and  times  so  brief  that  the  imagination 
utterly  fails  to  realize  them. 

Iu  the  case  of  a  hqnid,  the  freedom  enjoyed  by  the  molecules  is  con- 
siderably more  restricted  than  iu  the  case  of  a  gas.  It  would  seem  that 
in  the  denser  fluid  there  can  be  no  intervals  of  undisturbed  travel  per- 
mitted to  a  molecule;  it  is  almost  incessantly  iu  a  state  of  eocouater 
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witli  some  other  Himiltir  object.  Wh«n  a  molfculo  in  a  licjuid  breaks 
away  fix>ni  its  associatiou  vitb  oDe  liToiip,  it  is  only  becaoRe  it  lias 
entered  into  alliance  with  another.  Ar  however  two  liquids  will  very 
frequently  bleud  if  bo  pluci'd  that  dilf'u»ion  b*-  jKiHsible,  we  have  a  pi-oof 
tbat,  though  the  transfereuce  of  a  particular  molecule  through  the 
liquid  may  be  comparatively  slow,  yet  it  will  gradually  rxeUange  asso- 
ciation with  oue  group  for  association  with  another,  and  may  in  this 
way  travel  throughout  any  distance  to  which  tlie  liquid  extends. 

In  the  case  of  a  solid  there  is  »till  further  limitnCion  imposed  on  the 
mobility  of  each  separate  molecule.  It  in  now  no  longer  permitted  to 
make  excursions  throughout  the  entire  voUinie  of  the  body.  Each 
molecule  is  in  rapid  motion,  it  is  true,  but  those  movements  are  confined 
to  gjTations  within  minutely  cirrumscribed  limit.K.  Two  solids  placed 
in  contact  do  not  generally  diffuse  one  into  the  other,  the  incapacity  for 
diffusion  being  the  direct  wmseqnence  of  the  inferior  degree' of  mobility 
possessed  by  the  molecules  in  this  condition  of  matter. 

It  is  known  that  the  immediate  effect  of  the  appliciition  of  heat  is  t« 
increase  the  velocities  with  which  the  molecules  move.  Apply  heat, 
for  instance,  to  the  water  in  a  kettle;  the  moving  molecules  of  water 
are  thereby  stimulated  to  even  greater  activity  and  it  will  occasionally 
happen  that  the  velocity  thus  acquired  by  a  molecule  be<;oiues  so  great 
that  the  little  i)article  will  swing  clear  away  from  the  intluence  of  the 
other  molecules  with  whieli  it  had  been  associated.  When  this  tuke*i 
place  in  the  case  of  a  sutBcient  number  of  molecules,  they  dart  freely 
from  the  surface  of  the  liquid,  thus  producing  the  effect  which  in  our 
ordinary  language  we  duacribe  as  giving  oit'  steam.  If  therefore  a 
volume  of  gas  be  heated,  the  velocities  with  which  its  nudecules  are 
animatetl  will  be  in  general  increased.  As  the  molecular  velo(;ities 
throughout  the  extent  of  the  gas  are  on  the  whole  augmented,  it  is 
quite  idain  that  the  intensities  of  the  slim^bu  exiHjrienced  by  the, mole- 
cules in  their  several  encounters  will  be  also  accentuateil.  The  more 
rapidly  moving  particles  will  strike  ea<;h  against  the  other  with  increased 
violence,  and  the  contemplation  of  this  single  tkct  lesuls  us  close  to  one 
of  nature's  greatest  secrets. 

Let  us  think  of  the  abounding  heat  which  is  dispensed  to  us  from 
the  sun.  That  heat  comes,  as  we  know,  in  the  form  of  undulations 
imparted  to  the  a-ther  by  the  heated  matter  in  the  ^iin,  and  transmit- 
ted thence  across  s]>ace  for  the  benefit  of  the  earth  and  its  iuhabitants. 
I  have  already  explained  that  these  vibrati(ms  in  the  lether  must  take 
their  rise  from  molecular  movements,  and  it  is  imi>ortaiit  to  notice 
that  the  character  of  the  vibrations  in  the  sether  enables  us  to  learn  to 
some  extent  the  precise  desciiption  of  iiioIe<-ular  movements  which 
alone  would  be  competent  ti>  produce  the  particular  vibrations  corre- 
sponding to  radiant  heat.  At  first  it  might  be  thought  that  it  was  the 
rapid  movements  of  translation  of  the  molecules  themselves,  as  entire 
if  extremely  minute  bodies,  which  caused  the  a^thei'ial  vibration,  but 
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tbia  is  Dot  bo.  We  uiuxt  vurel'ully  observe  that  tliere  is  iinotlier  kind 
of  molecular  motton  besides  tiiat  which  the  luulecale  poRsesBea  ns  a 
whole.  Wehiive  hitherto  bet^n  occupied  ouly  with  the  moveuienta  of 
each  molecnle  as  n  little  projectile  pursuing  its  zigzag  course,  each 
turn  of  the  zigzag  being  the  result  of  an  encounter  with  some  similar 
molecule  belougiog  to  the  same  medium.  But  wc  have  now  toobserve 
that  the  molecule  itself  is  by  no  means  to  be  regarded  as  a  simple 
rigid  particle;  indeed,  if  it  were  so  it  is  certiiin  that  we  should  receive 
no  heat  at  al)  from  the  sun.  We  have  the  best  reasons  for  believing 
that  the  molecule  of  matter,  so  tar  from  resembling  a  simple  rigid  par- 
ticle, is  an  elalwrate  structure,  whose  parts  are  iu  some  degree  capable 
of  independent  movement.  It  will  not,  indeed,  be  necessary  for  us  to 
adopt  the  spleudid  hypotbe-tis  of  Ixird  Kelvin,  which  supposes  that 
molecnles  of  matter  are  merely  vortex  rings  in  that  perfect  fluid,  the 
eether.  It  seems  dtfBuult  to  doubt  that  this  doctrine  represents  the 
facts,  butif  auyone  should  reject  it,  then  I  have  only  to  say  that  its 
assumption  is  not  required  for  our  present  argument.  All  that  is 
necessary  for  us  is  to  regard  each  molecule  as  somewhat  resembling  an 
elastic  structure  made  of  parts  which  can  quiver  like  springs,  and  so 
arranged  us  to  be  susceptible  of  many  did'erent  modes  of  vibration. 
We  are  to  supt>ose  that  each  molecule,  in  additiou  to  the  energy  which 
it  possesses  in  virtue  of  its  movement  of  translation  as  a  whole,  has 
also  a  store  of  energy  correapoudiug  to  the  oscillations  of  its  electric 
springs.  We  can,  in  fact,  in  some  cases  determine  the  ratio  which 
exists  between  the  amount  of  energy  which  is,  on  the  average,  pos- 
sessed by  molecules  in  consequence  of  their  velocities  of  translation, 
and  the  amount  of  energy  which  they  |>ossess  in  consequence  of  the 
vibrations  by  which  their  several  parts  are  animated.  It  is  these 
internal  molecular  vibrations  which  are  of  essential  imjwrtance  in  our 
present  inquiry.  It  is  l>elieved  that  the  ra^liation  of  light  or  of  beat 
generally  takes  rise  in  the  iiopulses  given  to  mtber  by  the  interna) 
moleculiir  vibrations.  Do  we  not  know  that  the  essential  character- 
istic of  those  letherial  movements  which  correspond  to  radiant  light 
and  beat  is  that  they  have  the  nature  of  oscillatiousT  Such  could  not 
be  imparted  by  mere  rectilinear  movementsof  the  molecules  as  a  whole. 
They  must  be  due  to  those  internal  oscillations  by  which  the  actual 
molecules  are  animated. 

No  doubt  it  is  difficult  to  realize  that  much  can  be  learned  with 
regard  to  the  performances  that  actually  go  on  in  the  internal  parts  of 
a  molecule,  especially  when  it  is  remembered  that  each  molecule  in  its 
entirety  is  so  extremely  minute  as  to  be  entirely  beyoi^d  t^  Feac]^  of 
our  organs  of  sense.  It  is  nevertheless  impossiUe  to  doulit  ^ha^  i,h^ 
statements  just  made  correKpoud  tc^  the  veritable  facts  of  nature.  1% 
would  be  impracticable  here  to  go  into  any  complete  detail  with  regard 
to  theevideoce  on  tlti«  subject;  I  can  only  sketch  an  outline  of  it.  Let 
jfB  take,  perhaps  as  the  simplest  cASe,  that  presented  by  hydrogen. 
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At  the  onliuary  teni|>eratun)  «f  the  air,  hydruf^eu  is  of  cuoree  iDVisi- 
ble;  thiH  meanK  that  the  vibrations  iii  the  interior  of  tlie  moleoaleH  are 
not  saffidently  vehement  to  impart  pulsca  U*  theiuther  with  the  energy 
that  woald  be  refjain-^l  tu  pro<Iiice  visual  effettts.  Now,  let  as  suppose 
that  the  hydrot;eii  in  heated.  The  cSect  of  hesitiug  is  to  impart  addi- 
tional speed  Ui  the  molevuleB  of  the  gas,  and  coQsoqiieDtly  wbeo  the 
molei-aleH  hapi>en  to  come  together  their  encounter  in  more  violent. 
Tfatf  efli'vt  of  such  an  twcurreuco  on  one  of  thosu  little  elastic  bo<Ue8  is 
to  »et  it  tjniveriug  witli  great^rr  vehemcm;e  in  those  particular  modes 
uf  vibration  for  which  it  is  tuned.  If  the  t«m[)erucure  of  thegaa  has 
been  raised  sufficiently  high,  as  it  can  l)0  by  the  aid  of  electriuity, 
tbeu  the  iut«>rnal  energy  ac<{uire<l  by  the  niolevules,  in  consequence  of 
the  iucreasiMi  vehemence  of  their  coUtsious,  has  become  so  great  that 
they  are  able  to  impart  pulses  to  the  itther  with  snfflcient  intensity  to 
affect  onr  nerves  of  vision ;  thereiiiKtti  wo  declare  that  the  hydrogen  is 
now  HO  hot  aM  to  have  become  luminous.  Suppose  we  employ  a  spectro- 
Ht^tpe  for  the  purpose  of  stndyiug  the  particular  charavter  of  the  light 
which  the  glowing  hydrogen  disj>eiiHC8.  It  will  apt>ear  that  the  8|>ec- 
tnun  consists  of  a  definite  number  of  bright  lines.  We  know  that  each 
one  of  these  lines  corresixnidstoa  particular  perioil  of  vibration  of  the 
iptber,  anil  hence  we  wee  that  the  light  emitted  by  the  hydrogen  does 
not  consist  of  vibrations  of  all  i>eriodii  indiscriminately,  but  only  of  cer- 
tain particular  waves  which  are  in  unison  with  the  oKcillations  to  which 
the  internal  parts  of  the  molecule  of  hydrogen  are  udo])t«d.  Had  we 
examined  the  spectnim  of  some  other  gas  in  a  state  of  incandescence 
we  should  have  found  a  wholly  different  system  of  lines  from  those  per- 
taining to  hydrogen.  This  demonstrates  that  the  molecules  of  one  gas 
diU'er  ertrtcntially  from  those  of  another  in  respect  to  the  character  of 
the  Internal  vibrations  which  tliey  ore  adapted  to  i>erform.  The  extra- 
ordinary activity  of  the  movements  which  take  place  within  the  mole- 
cules may  be  appreciated  from  the  following  facts.  We  know  that  the 
wave  corresponding  to  one  of  the  hydrogen  lines  has  a  length  of  about 
the  forty- thousauth  of  an  inch;  we  also  know  that  in  a  single  second  of 
time  light  travels  over  a  space  of  186,000  miles;  a  simple  calculation 
will,  therefore,  assure  us  that  certain  vibrations  in  the  molecules  of 
hydrogen  correa[>ondiug  to  this  particular  undulation  muti^t  take  place 
with  such  anextraordinary  frequency  that  about  41)0  millions  of  millions 
of  them  are  performed  in  each  second  of  time. 

Provided  with  these  conceptions  we  shall  now,  I  think,  be  able  to 
see  without  difficulty  how  it  is  that  the  sun's  heat  is  sustained.  We 
may,  for  our  present  purpose,  think  of  the  great  luminary  as  a  mass 
of  glowing  gas.  It  is  quite  true  that  the  physical  condition  of  the 
matter  in  the  interior  of  the  tremendous  globe  can  hardly  be  that 
which'we  ordinarily  consider  as  gaseous.  But  this  need  not  affect  onr 
-"gnment.  It  is  undoubtedly  true  that  thos^  ""■^i-^-s  of  the  solar 
wsphere  from  which  the  light  and  hea  'ispeused  are 
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gaseona  ID  their  ehararter.  or,  at  jH  ^<^--i.  -  ^^  --  -  •-  --    — -^'     -■ 
matter  in  the  ganeoii*  stale  Ut  p«-n.'  - ii*  i.     .  -*.  »    ■     - .-      ■»-  » 
argniDeDtwith  whidi  wekiT«  ttum- w-^n  — :^._-<.  ■  •-••-  ■^i-- 

of  the  vaat  masH  of  th«  :«■■  At  zr*   '.ir:.  i  •-•     »     -     r      -  -     — 
bodies  towards  it  is  tctj  ■nefc  irt^r-rr -j—i   -.•■  r-    ■^■'■-  '     "     '  "■ 
surface  of  the  earth.    Oa  <«r  si-i-tt  »•;  t^ttm  - .  .r  -_*-  -* —       :_■  - .     - 
tion  is  to  impart  to  any  body  iwar  ■  i«-  *nr-----  --;-■-         — ---  .    • 

the  earth's  center  at  the  rate  "rf  ■£:  i*^   >^  ■—  ~  -  *       .    i.-  ■  - 

than  three  hnndrad  tboa^arf  hibm*  *■•  m.>—    -  ^    '-'-.''       •  -   '..n 
not  however  assert  that  ;hc  rriv 'o-'im   .-    :.■———■•        -^  mrtt^    •■- 
portion,  becaose,  on  ae«qni  .y -iw»  - 1^ -.  -  •'    ■  -  •-..    _    .•.--*   j 
its  surface  is  more  tbaa  a  hBiifi.fl  '  n*-*  .»''  .^  >—        .    •:     ■  j-   f  .r 
c«Dt«r  than  a  body  on  the  *mTttrr  ./  - ...  -t^.-  ;  -   . —  ;-:•■.. 

center.    It  can  bcrverer  be  Wiiv^ 'i..r  -..-.    i    ■  ^-'       »•   ■.  .»..•-— 
into  account,  theairtaal  ir.rrr.<.-.T    /  •:•.■■.'     ,    ;    -^  -  .     -  -.^-  . 
safficient  to  tend  to  iBpon  :>  t-.   •  •»— '^  ..-     .-— r.—  •■-    "  ^-        •■  *   . 
tbe  ann's  center  at  the  raT'T '-^  f>'  v*<  y  ■?-  ■  •       *    .    ■  .■ 
not  only  to  a  iiiet«>rit^.  •<  • '.:«^  "t. -.■.r-^   ^    i  „•    »  .     . 

into  the  son;  it  wonld  b«  «, -^       -i-u*  .»"  .,i    .-  , —  ^   •  .      ^  ,  •.  ^ 
cnle.     Every  ot>«  of  the  &^.-^--*   •''    •i.m-^.  .    ;     .^     ^    .•       #■.--,■? 
regions  of  the  solar  aiM(a^;lrr»  uk""    f -'r  '.i.-'     «--v< 
attractive  fon-e,  which  tr^.*    i  -.u»  -ixi   »  .i-  -,.. .    „.  .  -    .    «.  .    . 
them  a  downward  velm-i'.j  *,-  ■  -..a'  -ir^  i»>-  -r-  •■ .«       ...,—    «   .^' 
been  stated.    It  u  qaite  'roit  •i.ir  ■,■  ^  ^--.r  »-  ^-  •     •  ^  .'»...-    y 
attrai^tion  is  nia>ked  by  ««^->-^■'-  i ;   >- 1'^.,-.-*        .    ,-.,'  .-     ..     t . 
may  mention  that  iii»««.-.-i  ** 'n*  (.-i.-' ;    ■»■■-*«-   .1  -, .     ,,.■ . 
increases  as  the  son's  «ct.Vx  .*  »-.'.'■  td'-i>-:i    '.<•  !       ;   >..  <>.-    ^  ^.t.— 
erally  finds  itself  mor«  <^MCni*'^-.   v;  •;.■■;'»    ,.-■.  t    .    ■  j—  m '>..■.  ,^ 
when  it  is  descending  tbaft  «  u^  .    »  twr^^i-     r. 
We  may  here  rmAr*^  t.i*  •-/••j  ■.  '.i-'i  "•  -,.•  ^    .%  •-,■  i^-.  ...     ,^  .^t-  . 

with  the  condilioo  t^  tbfc  w^-ii?  i."  ui'*  -n"*      /,...i  n.  .^,— .  ^    1  v  ■  ^  ■ 
tieing  acted  npon  by  t^rr*-*-.*  jr-.    --u  .  •!    v..*    .*-■.-■■  »  ,.-,•..  -     -.. 
felldownwanl  wiih  a  Ttiwrij  »)r.'  •  ■  ..  .-      .--^.     ;  ,r     ^  -...•■*'   :; 
feet  per secwnd.    Asbww<fv»**.'*>r-,'-»-r*    *  v.  - -,' ,^.  .^*  "!•    •■''. 
reached  a  stable  >»Dd!tv«L.  i;!i  »i.-i  -  x  .  —/«-*  t,i  •;-  ,.-  .,  ■    -^ 
tion,  the  effect  of  gnvita%j</^  .;.  a>.     ■?    -.-.■-■,■  -a    ■-»   y.j^r-..-A    ,  v, 
completely  masked  by  lite".*,  •  •»T^  •-•>-.  .-.--.►»,•   t-   /1  ■  <»  »  ,  > 
there  is  do  cmitinaal  iiHTea^  "f  t-  ->*-,  *,•  »* .,  •  «  -  ,»■»»-.  -  ^  ■„ 
gravitation.    Were  wn-L  an  i^'-ffca*!*-  :.*  ;f*r*^-,r  x  ■    X  '■•'■    *^  'V-.^J 
necessaiily  find  that  the  l»-rT»r*tna!  a'l'.-*-;  -.— •-  »*•■•»'-..■  ^  .-,,  v. 
nme,  and  ever  becoming  utort;  «y«iyJf;.*Ml  :;,  i-»  ,ntt^  •••^•^.    !•  ,■ 
however  well  known  that  00  fmck  i'!i;i;.^>^  -Am  ■*•-.  h":*-.  ;■.-;.    "I    m*-. 
taking  place.    Tbeeaseotial  diffift»rt»<*  l>*rt«"-u  *'..*■.  t^v'u  »■.'•.  n^.  »■,.■), 
(so  far  as  the  matter  now  before  ns  nt  cmitrnn-tl. ,  in  u»  \if.  i'fuA  lu  tw. 
fact  that  as  tfae  snn  hait  not  yet  i*aK->eit  iutif  t)i«  b^mi  of  a  rit;iil  IxHly, 
it  is  still  contracting  at  a  rate  very  much  gi4ait<;r  than  that  at  abicb  a 

D=;-,:cc;..C00gIc 


132  ATOMS   AND    SUNBEAMS. 

body  gi'owii  so  cold  as  tlio  eartb  <lrAws  itti  particlOH  closer  together. 
The  molecules  in  tlie  solai'  pliotospliere  accordingly  yield  to  a  certain 
extent  to  tUe  giiivitatiou  whicli  coustantly  seeks  tu  draw  tbem  Aowd. 
Tbe  coanteractiiig  tendencies  can  not  in  tbe  buu,  as  tbey  do  iu  the 
earth,  mask  tbo  direct  and  obvioas  effect  of  gravitation.  The  conse- 
quence 19  that  tbe  intense  attraction  which  is  capable  of  adding  veloc- 
ity to  tbe  molecules  at  the  phenomenal  rate  of  457  feet  jter  second,  is  (ler- 
niitted  to  accomplish  something,  and  thus  increase  tbe  average  speeds 
with  which  the  molecules  hurry  along.  To  express  the  matter  a  little 
more  accurately,  we  should  say  that  the  downward  velocity  imparted 
by  gravitation,  being  compounded  with  tbe  velocities  otherwise  pos- 
sessed by  the  molecules,  tends,  on  the  whole,  te  increase  the  rate  at 
which  they  move. 

We  shall  now  be  able  to  discern  what  actually  takes  place  as  the  sun 
contracts  by  dispersing  beat,  and  iu  consequence  of  itx  decline  in  bulk 
finds  a  store  of  energy  liberated  which  it  is  i>ermitted  to  use  for  the 
purjwse  of  sustaining  its  ra<Iiating  capacity.  Owing  to  the  intense 
heat  which  prevails  in  the  photosphere,  the  molecules  must  there  be  in 
very  rapid  movement;  their  mutual  encounters  must  be  of  the  utmost 
vehemence,  and  their  internal  vibrations,  which  are  the  consequences 
of  the  shocks  la  tbo  encounters,  must  be  correspondingly  energetic.  It 
is,  as  we  have  seen,  these  internal  molecular  vibrations  which  set  tbe 
aether  in  motion,  and  tlius  di3[>ense  solar  heat  and  light  far  and  wide 
through  the  universe.  But  this  the  molecules  cai  onlv  do  at  the 
expense  of  the  energy  which  tbey  possess  in  virtue  of  their  internal 
vibrations.  Unless  therefore  the  internal  molecular  energy  were  to 
be  in  some  way  recuj>erated  from  time  to  time,  tbe  radiating  power 
must  necessarily  flag.  It  is  now  plain  that  the  necessary  recuperation 
takes  places  in  the  successive  encounters.  A  molecule  whose  internal 
energy  of  vibration  is  becoming  exhausted  by  the  effort  of  setting  the 
(ether  into  vibration  presently  impinges  against  some  other  molecule, 
and  iu  cnnsetiuence  of  the  blow  is  again  set  into  active  vibration  which 
pcrnuts  if  to  carry  on  the  work  of  radiation  anew,  until  its  declining 
energies  have  again  to  be  sustained  by  some  similar  addition  arising 
from  a  fresh  collision.  Of  course,  we  know  that  the  internal  molecular 
energy  thus  utrquired  can  not  be  creiited  out  of  uothing.  If  the  mole- 
cule receives  such  accessions  of  internal  energy,  it  must  he  at  the 
esiiense  of  the  energy  which  is  elsewhere.  Obviously  the  only  possible 
source  of  such  energy  must  be  found  in  the  movement  of  the  molecule 
as  a  whole,  that  is  to  say,  in  the  velocity  of  translation  with  which  it 
rushes  about  among  the  other  molecules.  Thus  we  see  that  the  imme- 
diate effect  of  expenditure  of  heat  or  light  by  radiation  is  to  diminish 
the  internal  energies  of  the  molecules.  These  energies  are  restored  by 
the  transference  of  energy  obtained  from  the  general  velocities  of  the 

■lecules  regarded  us  moving  projectiles.  It  follows  that  the  velocities 
he  several  particles  must  on  tbe  whole  tend  to  decline;  in  other 
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words,  that  the  temperature  teuds  to  fall.  Wtiat  wc  have  to  discover 
is  the  agent  which  at  present  prevents  the  polar  temperature  from 
falliog.  We  want  therefore  to  ascertain  the  means  by  which  the  molec- 
ular velocities  are  preserved  at  the  same  average  value,  uotwith- 
standing  that  there  is  a  constant  tendency  for  tbese  velocities  to  abate 
iu  consequence  of  the  losses  of  light  and  heat  by  radiation.  We  have 
akeady  explained  how  the  gravitation  of  the  sun  constantly  tends  to 
impart  additional  downward  velocity  to  the  molecules  in  its  atmos- 
phere. This  is  precisely  the  action  which  we  now  require.  The  con- 
traction of  the  snn  tends  to  an  augmentation  of  the  molecular  velocities, 
and  this  augmentation  just  goes  to  supply  the  loss  of  velocities  which 
is  the  conseijuence  of  the  radiation.  A  complete  explanation  of  the 
maintenance  of  the  sun's  heat  is  thus  afforded.  Observation  no  doubt 
seems  to  show  that  the  capacity  for  radiation  is  at  present  sensibly 
constant,  and  this  being  so,  we  see  that  the  gain  of  molecular  velocities 
from  gravitation  and  their  losses  from  radiation  are  at  present  just 
adapted  to  neutralize  each  other.  Kothiiig  however  that  has  as  yet 
been  said  demonBtrates  that  the  efficiency  of  the  sun  for  radiating  light 
'  and  heat  must  always  be  preserved  exactly  at  its  present  value. 

It  is  quite  ^wssible  that  if  we  had  the  means  of  studying  the  sun 
heat  for  a  hundred  thousand  years,  we  might  find  that  the  capacity 
for  radiation  was  slightly  decreasing,  or  it  may  bo  that  it  would  be 
slightly  increasing,  for  it  is  at  least  conceivable  that  the  gain  of 
molecular  velocity  due  to  gravitation  may,  on  the  whole,  exceed  the 
loss  due  to  the  dispersal  of  energy  by  radiation.  On  the  other  hand, 
it  is  of  course  jjossible  that  the  acquisition  of  velocity  by  gravitation, 
though  nearly  sufficient  to  countervail  the  expenditure  by  radiation, 
may  not  be  quite  enough,  in  which  case  the8nu'3tem]>erat»re  would  be 
slowly  declining. 

It  must  not  however  be  supposed  that  the  argument  which  we  have 
been  here  following  attributes  eternal  vigor  to  the  great  luminary.  It 
will  be  noted  that  it  is  of  the  essence  of  the  argument  that  tbe  con- 
traction is  still  in  progiess.  If  the  contraction  were  to  cease,  then  the 
restitution  of  velocity  by  gravitation  would  cease  also,  and  (lie  speedy 
dispersal  of  the  existing  heat  by  ra<]iatiou  would  presently  produce 
bankruptcy  in  the  supply  of  sunbeams.  Indeed,  such  bankruptcy 
most  arrive  in  due  time,  when,  after  certain  millions  of  years,  the  sun 
has  so  far  contracted  that  it  ceases  to  be  a  gaseous  mass.  The  vast 
accumulated  store  of  energy  which  is  now  l»eing  drawn  upon  to  supply 
the  current  radiation,  will  then  yield  such  supplies  no  longer.  Once 
this  state  has  been  reached,  a  few  thousand  years  more  must  witness 
the  extinction  of  the  sun  altogether  as  a  source  of  light,  and  the  great 
orb,  at  present  our  splendid  luminary,  will  then  pass  over  into  the 
ranks  of  the  innumerable  host  of  bodies  which  were  once  suns,  but  are 
now  suns  no  longer. 
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FUNDAMENTAL  UNITS  OP  MEASURE.* 


By  T.  C.  Mendenhall, 

Superinlmdm  a/  the  U.  S.  Coatt  and  Geodriic  Sitrrtg. 


Engineermg  ia  tlie  art  of  constmctioii ;  but  to  limit  it  to  tliia  would 
be  to  reatrict  its  meaning  mucli  vitbin  tbe  range  of  the  ordinary  ase  of 
the  word.  In  a  broader  Beuse,  engineering  inclndes  alt  operations  wbose 
object  is  the  utilization  of  the  forces  of  nature  in  the  interests  of  man. 
It  is  botb  an  art  and  a  science,  and  as  a  science  it  consists  for  tbe  most 
part  of  mathematics  applied  to  physics  and  mechanics.  It  is  of  neces- 
sity, therefore,  a  measuring  science,  and  a  congress  of  engineers  ought, 
in  the  nature  of  things,  to  be  interested  in  anything  relating  to  progress 
in  metrology. 

Fortunately  tbe  literature  of  this  subject  is  neither  scanty  nor  diiB- 
cult  of  access.  Much  attention  has  been  given  to  it  in  all  parts  of  the 
world  during  the  last  half  of  this  century,  and  in  tbe  United  States 
esitecially  numerous  and  valuable  papers  and  reports  npon  the  subject 
of  weights  and  measnreis  have  appeared  during  this  period.  Indeed,  it 
would  be  difficult,  if  notimpossibte,  to  contribute  to  either  tbe  historical 
or  the  controversial  aspect  of  the  question  anything  new  and  of  notable 
valne. 

.In  spite  of  an  extensive  and  widely  circulated  literature,  however,  it 
is  very  distinctly  in  evidence  that  the  origin  and  geneais  of  the  nnitn 
of  measure  in  customary  use  in  the  United  States  and  among  most  Eng- 
lish-speaking people,  and  their  relation  or  want  of  relation  to  each  other, 
are  matters  concerning  which  many  engineers  are  not  well  informed. 

Perhaps  not  a  large  majority  of  members  of  the  profession  in  good 
standing  would  be  able  to  answer  necnratsly  tbe  question,  What  in  a 
yardi  or  What  is  a  pouudT  In  view  of  this  fact  no  excuse  need  be 
offered  for  presenting  a  statement  of  facts  relating  to  fundamental 
standards  in  this  country  at  the  present  time,  and  for  the  sakeof  clear- 
ness this  statement  will  be  prefaced  by  a  brief  consideration  of  the 
principles  involved  in  tbe  evolution  and  selection  of  standards,  together 
with  a  r^'sum^  of  genealogical  history,  showing  their  origin  and  ances- 

'  Read  before  tlin  Int«nintioDal  KngineiTiDj;  ('nngrewi  of  tho  Culiimbiaii  Expoai' 
tlon,  Chicago,  1803.  {FrnniTrainnartioDsof  tbe  American  Rociet)'  of  Civil  Engiueere, 
October,  J893,  pp.  120-134.) 
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try.  Of  tbe  latter  little  detail  will  begiven,  astheextensiveandeaaily 
accessible  literature  u|M>n  tbe  fiiibject  renders  it  nnnecessary. 

The  measore  of  a  magnitude  is  its  iiumertcal  evalaation.  Iii  adirect 
-way  tbia  is  accomplished  by  ascertaining  bow  many  times  it  contains 
aootber  magnitude  of  tbe  same  kind  or  nature  which  is  adopted  as  a 
unit.  Thus  alengtbisselectetlas  auuitfor  the  measarement  of  length, 
a  volume  for  tbe  meajturement  of  volume,  a  time  for  time  measoremeot, 
and  so  on.  At  first  it  seems  that  this  condition  of  sameness  of  the  anit 
and  the  thiug  measured  is  a  necessity.  A  little  reflection  will  show, 
however,  that  it  is  open  to  the  objection  that  it  natnrally,  althouefb 
perhaps  not  necessarily,  leads  to  an  almost  indcbnite  multiplication  of 
independent  units.  The  discovery  and  development  of  inter-relatioDS 
among  measurable  magnitudes,  which  has  gone  on  from  the  earliest 
times,  has  tended  towards  a  redaction  in  the  number  of  units  and,  con- 
seciuently,  to  a  great  simplifieation  of  tbe  whole  snbject  of  metrology. 
So  simple  and  evident  a  device  aa  relating  tbe  unit  of  volume  to  tbe 
unit  of  length  has  only  been  satisfactorily  realized  in  comparatively 
lAodern  times;  and,  with  a  single  exception,  it  may  be  affirmed  that, 
units  of  volume  now  in  use  were  originally  in  no  way  related  to  units 
of  length,  most  of  them  being  of  accidental  and  now  unknown  origitt. 

That  a  legal  bushel  in  tbe  United  States  must  contain  2150-43  cubic 
inches  is  convincing  evidence  that  the  foot  or  tbe  yard  has  no  place  in 
its  ancestry,  and  although  there  is  a  plausible  explanation  of  tbe  fact 
that  a  gallon  contains  2.'tl  cubic  inches,  it  jioints  only  to  a  modified 
volume  and  not  a  selected  one. 

Many  interesting  illustrations  of  the  great  advantage  gained  by 
neglecting  the  principle  that  "like  measures  like"  might  be  given,  and 
one  or  two  will,  perhaps,  be  found  instructive.  In  observing  that  prop- 
erty of  matter  known  as  "conductivity,"  either  as  to  beat  or  electricity, 
qualitative  or  relative  conclusions  were  for  a  long  time  all  that  was 
required.  It  was  at  first  sufficient  1o  say  and  to  know  that  one  sub- 
stance conducted  heat  or  electricity  better  or  worse  than  another,  but 
with  the  advance  of  knowle^lgc  of  physics  it  became  desirable,  and 
often  necessary,  to  give  numerical  expression  to  these  relations.  In 
such  cases  as  this  tbe  practice  has  usually  been  to  select  some  partic- 
ular substance  which  possesses  tbe  property  in  question  in  a  higher  or 
in  a  lower  degree  than  any  other  and  adopt  it  as  a  standard.  Thus 
barely  a  quarter  of  a  century  ago  conductivities  of  difi'ereut  bodies  for 
heat  or  electricity  were  expresseil  in  terms  of  copper  or  silver;  a  lamp- 
black surface  was  tbe  standard  for  radiation  or  ab»ori>tioa,  and  in  most 
instances  the  stan<lard  was  arbitrarily  rated  at  100,  Tbe  literature  of 
science  cx>ntains  many  examples  of  elaborate  and  otherwise  valuable 
investigations  which  are  rendered  quite  worthlessby  tbe  uncertain  and 
unscientific  units  of  measure  employed.  An  example  of  tbe  jtersisteut 
use  of  this  principle  is  to  be  found  in  the  still  common  mode  of  express- 
tbc  density  of  matter  by  referring  it  to  the  density  of  a  certain 
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kind  of  matter,  uamely,  water,  tbe  numerical  reprc-sentikti(>a  of  tlie  ratio 
being  known  as  "  Hi>eciflc  gravity."  It  baa  taken  some  years  for  even 
scientific  men  to  fully  appreciate  the  objectionable  features  of  this  sort 
of  metrology,  because  it  has  required  some  time  to  prove  beyond  doubt 
that  all  kinds  of  copper  or  silver  do  not  conduct  alike,  nor  do  all  sam- 
ples of  lampblack  radiate  alike;  and  also  that  tbe  conditions  under 
which  the  density  of  water  is  constant  are  difficult  of  realization. 

Another  factor  which  has  been,  up  to  a  very  recent  time,  of  first 
importance  in  tbe  selection  of  standards  is  the  tendency  to  seek  in 
nature  sometbing  of  constant  dimensions  or  invariable  mass  which 
possesses  that  general  availability  essentiiil  to  ailoption  as  standard. 
The  nomenclature  of  metrology  bears  testimony  to  this.  In  our  own 
customary  system  of  weights  and  measures  the  occurrence  of  such 
units  as  the  foot,  hand,  grain,  ell,  etc.,  t«lls  of  tbe  frequent  recoarse  to 
natural  units.  This  is  not  alone  characteristic  of  earlier  and  ruder 
systems,  but  in  modern  metrology  we  have  recorded  the  efforts  of  sci- 
entific men  to  realize  this  theoretically  desirable  condition  in  the  selec- 
tion of  the  quadrant  of  the  earth,  tbe  length  of  a  seconds  pendulum, 
and  the  wave  length  of  a  particular  kind  of  light  for  linear  standards. 
The  only  natural  standard  which  up  to  tiiiK  tiinecan  be  said  to  have 
satisfied  the  requirements  is  ttie  unit  of  time,  which  is  the  sidereal  day. 
This  might  itself  be  considered  a  derived  rather  than  a  fundamental 
unit,  and,  indeed,  it  is  difficult  to  conceive  of  any  time  unit  other  than 
one  based  on  motion.  The  motion  of  the  earth  is  assumed  to  be  a  uni- 
form rotatory  motion,  and  tbe  unit  is  tbe  duration  of  a  single  revolu- 
tion. Vibratory  or  periodic  motion  seems  to  offer  many  atlvaiit^ages  as 
a  time  standard,  and  various  forms  have  been  suggested  from  time  to 
time.  It  has  been  shown  thnt  tbe  period  of  a  freely  suspended  inva- 
riable pendulum  funiishes  in  practice  a  more  uniform  and  constant 
time  unit  than  the  best  clocks  or  chronometers.  All  standards  of  this 
type  depend  on  the  persistence  of  gravity,  however,  and  of  this  we  can 
not  be  assured.  Tbe  prime  requisites  of  a  staiidttrd  are  constancy  and 
aniversal  availability,  and  as  the  present  time  unit,  the  sidereal  day, 
possesses  these  in  a  high  degree  it  is  not  likely  that  it  will  soon  be 
supplanted.  It  would  be  extremely  desirable,  however,  if  a  unit  of 
time  could  be  devised  which  would  survive  such  terrestrial  or  celestial 
disturbances  as  would  materially  ^Iter  tbe  revolution  of  the  earth  upon 
its  axis.  Something  of  this  kind  is  necessary  if  time  observations  made 
daring  the  jtresent  cycle  are  to  be  available  in  future  ages,  and  it  is 
possible  that  tbe  determination  of  the  relation  of  the  wave  length  of 
light  to  the  generally  accepted  unit  of  length  may  itidirectly  furnish  a 
time  unit  possessing  this  characteristic  in  a  hit;b  degree. 

Tbe  greatest  advance  in  the  science  of  metrology  in  modern  times  is 
-essentially  due  to  Gauss,  and  it  consists  of  the  so-civlleil  "absolute" 
-system  of  measurement.  Quite  as  much  as  to  the  author  of  this  ingen- 
ious system  metrologists  are  indebted  to  the  celebrated  llrittsh  Asso- 


\;iH  msuMiKnrAh  usirs  of  measdbb. 

(-i^M(if)  Cummitt^ti  flfi  (jiiitft,  led  by  Lord  Krlnn.and  including  socli 
f(,f-ii  n*  CItirk  Mnxw^ll,  ViAter,  Stoney,  Fleeming  Jenkin,  Semens, 
ft.AiiiwoN,  A'lriffiH,  Italfonr  StewarUand  Everett.  EvinctDg  a  freedom 
fr""i  ttrttlf'ititl  frrt-jii'lif^f^K  woTtby  of  the  distiDgoisbed  body  which  they 
f^|.r^aMi"<fl,  MpIm  cfrmmittee  placed  the  system  of  Ganss  apOD  a  Gim 
„iii|  Mxltif  liptf  iKutli  by  dtrriviiig  it«  fbudameotal  units  from  the  only 
„^^U'ifi  ttt  wiiflilA  ttnd  rntraKare«  which,  starting  frmn  a  scientific  basis 
„i,i|  H'K'iltinU-ii  ri|M)ri  mneiitific  principles,  has  ever  fonnd  fiiTor  among 
n  f  i.iiiiil'-f>il>l«  oiimlMTof  people,  and  whtcb  lias  now  become  well-oigh 
,,,,t.'f.ifltl 

I  i<f>  t4>iittttiiiy  tit  tin:  abMilate  system  in  towards  simplicit?  throogfa 
„  4i.i\itiUiiit  iif  Ml'!  riiiml>er  of  rmidameutal  anits  to  aminimam,  while 
„i  Mi'-  I'liiut  Uiini  it  airVfrdx  every  facility  fw  tlie  mnltiplicatJon  of 
ft  ii.'i'l  loiitn  hi  iin-ft  t\u-  demands  of  convenience  in  practice.  But 
I,  , . ;  ,-i.r  ni'ii\iii*  >t'<'l   niimtTmis  these  derived  aiiits  may  be,  they  all 

, ',  >'  i.fif  lit   M)"  ■itiiif  rIcmeiitH,  and  are  therefore  easy  of  comparison 

II  ix.  i.ht  Uhi  iiiinii  Ui  miy.and  it  in  important  that  it  should  be  said, 
,,,  ,f  11,1  hi  'Mil/.  Bliripiii-lry,  and  convenience  of  this  system  are  not  yet 
i.,t\j  (((fil'-<"f""'l  "'"'  Hppfcciutjfd  by  many  engineers  who  might  be 

,11 J  i.iiiiUhii  Uv  U*  (""^  Asa  single  illustration,  reference  may  be 
,  ,  If  "''■■''"  v  fv  ifittTii]  km:  of  the  foot-i>onnd  as  aonit  of  work 
I  -U'li-J  I'''  ii"  fi(i«  IniiiKiiie  Mint  the  objection  to  this  anitliesin 
f ,,  I  If,,, I  (Milli  "f  ")"  rip'ttric  syKteio  are  not  used,  for  kilogram- 
I  ,  .,|,ii  ii  M 'pI'"  V'-iy  cotpprnipn,  iM  etjiially  objectionable.  The  diffi- 
ii  ^  «,   '    '"  ""'  lMfi"'l"''ll[>ii  of  II  viiriiible,  and  in  this  instance  unnec- 

,   „ ((.I'll.,   ntpipifly.  Ml"  foH'o  of  gravitation.     If  the  funda- 

I  ,1  itriii  '   U-'ii.  |'"'i<>'l,  fiiiil  N<u'Oh(l,  be  UHL>(1,  we  have  a  unit  of  work 

,.  ,)l,  ,1  f  lio ''fo'il  ('"■HirliU,"  and  if  the  centimeter,  gram,  sec- 

I   III  III-  i(H(.(),  i*«  hiH'"  lit"  well  known  "erg."    These  units  are 

,,„!  M.ii  '-'i"  III  lip  ipmi'MciiI  iiHc  than  their  gravitation  relatives, 

1,1.-  ip(  "iit'it'l'',  t*lM>ii»vi'i' mid  wltcntver  the  nnits  of  length, 

'       '       .Jllii .M""l ■ 

,,  iiliUi-  iiii'iii'iii'V  m'ly  bo  Hiiiil  t4i  nwt  ii|ion  a  few  simple 
'  IfMi  I"".'  I"'  niiiiiiiitttl/i'd  lit  followK: 
'  '         ,,  ,  „)  ||,i||.|<|.|pilp<li(.  hliMliiMiciihit  ntpiU  xbonld  l>e  minimum. 

,(  ,„..,)■  Ilhiii  lliii't'iui'  ri-qnircil. 

1,1  III.  '<<ii'li  'ii  •iiIkiII  of  n  I'ciuly  ninl  aticnrnte  comparison 

iiihiili  <i  lit  llm  oiHiii'  hliiil.     triiilH  of  length,  mass,  and 

1,1    I,  t| II III  iKi  III  Ipi'IIki  Minn  iiity  oMier  thatcanbe  selected. 

tl   h.    I'lril'li'  I'l  *'"*'  ''"'  Miicli  comparisons  at  places  and 

ill  ii,  ),,  |i|.|i  (Imy  iPiiHlit  U*  Ihj  c«)iiiparatively  easy  of 

^,,^1  ) |,i.f  I'ltliiii  Mini.  iiH  fill'  iiH  biiinan  ingenuity  can 

I  I    III  III'  l>  (ii'UUilli'*'"'     I'liifNof  length,  mass,  and  time 
'  ,,  |,ni-.,-  I'-lli't  Ml""  i"i,V  other. 
),.     I  .,  ii,  ,1,  iI'I'HmI  III  oiikIi  olhcr,  ah  far  a^  such  relaCioa 
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is  possible,  and  the  multiples  and  Bub-mnltiples  sboald  be  so  related  to 
them  that  anits  uf  every  possible  dimensioD  and  cliaracter  for  conven- 
ieuce  in  the  measarement  of  all  measnreable  things  may  be  derived 
Irom  them  in  the  simplest  manner,  and  thas  be  capable  of  the  easiest 
re-dnctioD  and  intercbaoge.  The  anits  of  length,  maHS,  and  time,  as 
represented  by  the  centimeter,  the  gram  nud  the  second,  fulfill  these 
requirements  almost  as  perfectly  as  possible.  The  second  falls  short 
of  the  others  because  its  multiples  are  not  decimally  derived,  but  its 
Dse  is  and  lias  long  been  so  nearly  nuiversal  that  it  is  not  likely  to  be 
modified  in  that  respect  in  the  near  future.  Indeed,  a  decimal  system 
as  applied  to  time  is  much  less  important  than  when  considered  in  rela- 
tion to  length  and  mass. 

As  to  the  constancy  of  these  units,  an  arbitrary  length  and  an  arbi- 
trary mass  are  mach  more  capable  of  accurate  reproduction  than  any 
natural  units  of  which  we  now  know.  When  reproduced  in  considera- 
ble nnmbers  and  of  the  best  known  material,  and  when  widely  dis- 
tributed throughout  the  civilized  world  as  they  now  are,  under  the  direc- 
tion of  the  International  Bureau  of  Weights  and  Measores,  anything 
like  destruction  or  loss  of  the  standards  must  be  regarded  as  well-nigh 
impossible.  Oopied  in  materials  of  various  kinds  and  preserved  under 
cooditions  widely  varying,  it  is  hardly  likely  that  any  secular  change 
in  the  standards  can  escape  detection,  and  the  accurate  determination 
of  the  meter  in  light  waves  now  in  progress  will  afford  a  valuable  check 
■  on  the  constancy  of  the  standard  of  length. 

It  thus  appears  that  the  metric  system  with  its  derived  nniti;  is  to  day 
by  far  the  most  perfect  system  of  metrology  ever  used  by  man,  and 
that  it  lacks  little  of  theoretical  perfection.  It  can  hardly  he  denied 
that  in  one  or  two  matters  of  minor  iraportance  it  is  susceptible  of 
improvement,  but  it  possesses  the  inestimable  and  unapproachable 
advantage  of  being  nctuatly  in  use  by  the  great  majority  of  civilized 
nations.  Among  the  innumerable  metrological  schemes  which  have 
made  their  appearance  within  the  past  one  hundred  years,  it  is  quite 
possible  that  some  one  of  them  possesses  advantages  over  that  based  on 
the  meter  and  the  kilogram,  and  that  it  would  be  preferred  if  we  were 
starting  afresh  with  the  whole  question.  But  we  are  not  starting 
ofresli,  and  it  is  certainly  a  cause  for  sincere  and  earnest  congratula- 
tion that  a  system  which  is  so  rapidly  advancing  in  public  favor  is  as 
nearly  absolutely  perfect  as  is  this. 

Let  us  turn  now  to  a  brief  consideration  of  the  origin  and  present 
condition  of  what  ]x>rd  Kelvin  has  Justly  characterized  as  the  brain- 
wearying,  intellect-destroying  system  of  weights  and  measures  in  nse 
among  English -speaking  people. 

The  fundamental  unit  of  length  is  the  yard,  and  the  unit  of  mass  is 
the  pound.    In  the  time  of  Edward  II  it  was  enacted  (a.  j>.  13'M)  that 
3  barleycorns,  round  and  dry,  should  msike  1  inch  and  12  inches  r  - ' 
1  foot.    The  earliest  actual  material  standard  yard  of  which  t'     , 
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reliable  ac4!oiiDt  dates  buck  to  the  time  of  Henry  Yll  {about  A.  D.  1490). 
In  the  TransactiouB  of  the  Boyal  Society  it  is  recordeil  that  in  1742 
"  some  carious  gentlemen,  both  of  the  Boyal  Society  of  London  and  of 
the  Boyal  Academy  of  Sciences  at  Paris,  thinking  it  might  be  of  good 
use  for  the  better  comparing  togetlier  the  success  of  experimeotamade 
in  England  and  in  France,  proposed  some  time  since  that  accurate 
standards  of  the  measures  and  weights  of  both  nations,  carefully  exam- 
ined and  made  to  agree  with  each  other,  might  be  laid  up  and  preserved 
in  the  archives  both  of  the  lloyal  Society  here  and  of  the  Boyal  Academy 
of  Sciences  at  Paris,"  and  determined  to  bring  about  an  exchange  of 
copies  of  the  standards  of  weight  and  mass  of  the  respective  countries. 
This  led  to  an  examination  of  the  original  standards  of  the  exchequer 
and  their  copies.  It  was  found  that  the  standard  yard  then  in  use  was 
a  square  rod  of  brass,  of  breadth  and  thickness  of  about  half  an  inch. 
The  ends  were  neither  exactly  flat  nor  parallel.  The  standard  was  an 
end  measure  and  a  matrix  was  provided  for  it.  Near  each  end  of  the 
yard  was  stamped  a  crowned  E  and  it  dated  from  about  1538.  Con- 
sidered aH  a  standard,  its  character  was  very  inferior,  but  less  so  than 
the  old  standard  of  King  Henry  VII,  which  waa  examined  at  the  same 
time.  This  is  described  as  an  "old  eight-sided  rod  of  brass,  of  the  thick- 
ness of  about  half  an  inch,  very  coarsely  made,  and  as  rudely  divided 
into  3  feet,  and  one  of  these  feet  into  inches."  This  is  the  standard 
which  dates  from  a.  d.  1490,  and  is  the  earliest  known  material  yard. 

In  1758,  under  instruction  from  a  committee  appointed  by  Parliament, 
John  Bird  constructed  copies  of  the  then  existing  standards  (Eliza- 
bethan), one  of  which,  a  line  measure,  was  recommended  for  adoption 
as  the  legal  standani  of  length.    A  copy  of  this  was  made  by  the  same 
artist  iu  1760,  and  is  known  as  Bird's  standard  of  1760,  to  distinguish 
it  fnun  bis  first  copies  ma<le  in  1758.    Although  the  subject  received 
muuh  consideration  during  the  next  half  ceutury,  it  was  not  until  18iJ4 
that  any  action  was  actually  taken  by  Parliament.    It  follows  that  np 
to  this  date  the  legal  standard  of  length  in  Great  Britain  and  her  colo- 
nies continued  to  be  the  very  imperfect  8tan<]ard  of  Elizabeth  referred 
to  above.     In  1824,  however,  it  was  finally  enacted  that  Bird's  standard 
of  1760  Khnuld  be  the  fundamental  unit  of  length,  and  iu  the  same  act 
it  was  provided  that  in  case  of  loss  it  should  be  reproduced  by  means 
of  its  8upiK)sed  known  ratio  to  the  length  of  a  seconds  pendulum  at 
London.    In  1834,  the  Parliament  houses,  in  one  of  which  this  standard 
had  been  nreserved,  were  destroyed  by  fire.    It  is  interesting  to  note 
was  due  to  the  burning  of  the  "tallies"  or  sticks 
1  been  kept  by  means  of  notches,  and  in  the  use 
ent  ofiiciats  had  persisted  for  many  years  after  it 
08t  art  elsewhere,  thus  exhibiting  a  conservatism 
'hole  course  of  the  English  Government  iii  refer- 
allied  sciences, 
having  been  destroyed  in  this  manner,  it  was 
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fouud  impracticable  to  reproduce  it,  as  liail  been  intended,  by  the  UBe 
of  a  peudulniii,  and  accordingly  a  uew  standard  was  prepared  under 
tbe  direction  of  Mr.  Sheepshanks  ft'om  a  hulf  dozen  excellent  copies  of 
the  destroyed  standard  which  were  available.  This  was  legalized  by 
an  act  of  Parliament  in  185i~>,  and  is  the  imperial  standard  yard  of  Great 
Britain  to-day.  It  is  a  line  measure,  made  of  bronze,  the  total  length 
being  3S  inches  aud  the  croiss  section  1  inch  square.  At  the  time  it  was 
prepared  several  cupies  were  produce*],  one  of  which,  known  as  Bronze 
No.  11,  is  in  the  U,  S.  offlceof  weights  nnd  measures  at  VVashington. 

To  recur  now  to  standards  of  length  in  the  United  Slates,  it  is 
necessary  to  repeat  the  often -published  statement  that  although  the 
Constitution  authorizes  Congiess  t^)  establish  a  system  of  weights  and 
measures,  it  has  never  exercised  this  authority  except  in  the  matter  of 
legalizing  tbe  metric  system  in  186G.  The  weightsand  measures  in  use 
in  the  colonies  before  the  Revolution  were  almost  entirely  those  of 
Great  Britain,  and  they  continued  in  use  without  special  legalization 
ibr  a  long  time  after  Indepeudence  was  declared.  The  Orst  Sui)eriii- 
tendent  of  tbe  Coast  and  Geodetic  Survey,  Mr.  Ilassler,  requiring  an 
accurate  standard  of  length  in  tbe  operations  of  that  Bureau,  obtained 
from  Tronghton,  of  Loudon,  in  1814,  a  brass  bar  about  82  inches  long, 
2*5  inches  wide,  and  one* half  inch  thick.  This  bar  was  a  direct  descend- 
ant of  the  Bird  standard  of  17(10,  a  number  of  copies  of  which  had 
been  made bjTroDgbton. 

It  being  necessary  for  tbe  Kxecutive  Departments  of  the  Government 
to  have  some  standards  of  weight  antl  measure  properly  authenticated, 
for  the  purpose  of  levying  taxes,  duties,  etc.,  this  bar,  or  rather  one 
particular  yard  of  it,  from  the  twenty- seventh  to  the  sixty-third  inch, 
was  adopted  as  the  standard  of  length.  It  was  supposed  to  be  precisely 
equal  to  the  British  standard  at  a  temperature  of  62"  F,  A  direct 
comparison  with  the  copies  of  the  new  imperial  yard  of  18ii5,  however, 
showed  that  it  was  too  long  at  that  temperature,  and  thiu  fact  gave 
rise  to  the  idea  which  found  its  way  into  scientific  literature  that  the 
English  aud  American  yards  were  different,  the  latter  being  the  longer. 
The  action  taken  in  the  office  of  weights  and  measures  was  simply  to 
change  tbe  temperature  at  which  it  was  a  standard,  so  as  to  bring  it 
into  agreement  with  the  English  yard.  As  a  matter  of  fact  its  use  as  a 
standard  was  practically  discontinued,  and  the  bronze  copy  of  the 
imperial  yard  was  accepteil  in  ita  place,  together  with  another  copy  of 
this  yard  made  of  Low  Moor  iron  and  so  designated. 

It  will  thus  be  seen  that,  as  fiu-  as  the  Government  is  concerned,  we 
have  followed  the  English  in  the  matter  of  standards  of  length,  and 
their  yard  and  onrs  have  always  been  as  nearly  as  i>racticable  iden- 
tical. 

Tbe  same  is  essentially  tme  in  regard  to  the  standard  of  mass. 
There  is  an  important  diflference,  however,  in  that  Congress  did,  in 
1828,  legalize  a  standard  Troy  {Mund  for  purposes  of  coinage.    This 
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vas  a  <'opy  of  tlie  British  Truy  iwaiid  of  1758,  which  in  1825  t 
the  imperial  sbiiidai-d.  It  ie.  i»reserve(l  lu  the  mint  at  Philadelphia, 
aud  iH  known  as  the  mint  pound.  Ttie  sbuidard  avninlupoia  pound  of 
the  Treasury  ]>ei>»rtment  was  derivetl  from  thin)  Troy  pound.  Both  are 
very  inferior  in  construction  and  unsuitable  for  staodards.  The  pres- 
ent imperial  Rtandanl  of  mass  of  Great  Britain  is  a  platinum  avoirdu- 
pois pound.  It  was  deriveil  from  a  copy  of  the  standanl  referred  to 
above,  whicli  was  lost  in  the  burainj;  of  the  Parliament  houses.  As 
the  imperi.il  standard  and  our  own  have  thus  a  common  ancestor,  it  is 
asnnmed  that  they  are  the  game. 

Besides  those  units  of  length  and  maKH  the  executive  officers  of  the 
Government  wlopted  two  units  of  volume,  the  gallon  which  contains 
231  cubic  inches  and  the  bushel  uf  2150-42  cubic  inclieK.  They  are  old 
English  measures  and  differ  very  materially  from  the  imperial  gallon 
and  bushel  now  in  use  in  Great  Britain. 

The  above  statements  apply  to  what  maybe  known  as  national  or 
United  States  standards  only  in  the  limited  sense  that  they  are  the 
standards  of  the  executive  branch  of  the  Government.  The  whole 
subject  of  stanrlanls,  with  the  exception  as  to  the  metric  system  already 
noted  was,  in  the  absence  of  definite  action  by  Congress,  left  to  the  law- 
making authorities  of  the  8((veral  States.  In  view  of  the  great  and 
intelligent  interests  in  this  subject  exhibited  by  Wiishington,  Jeffer- 
son, Adams,  Gallatin,  and  others  of  the  early  statesmen,  the  omission 
to  legislate  in  Congress  nnist  be  attributed  largely  to  the  fact  of  great 
dissatisfaction  with  the  present  system  and  a  hesitancy  to  recommend 
any  other,  liowever  perfect  it  might  seem  to  be,  until  it  had  received 
the  test  of  actual  trial.  Realizing  the  danger  which  was  impending  of 
inharmouioHs  and  unscientific  legislation  by  the  several  States,  Con- 
gress decided  in  1836  to  encourage  uniformity  throughout  tlie  country 
by  the  distribution  among  the  various  State  governments  of  complete 
sets  of  weights  and  measures  copied  from  the  standards  adopted  iu  the 
United  States  office  of  weights  and  measures.  Some  States  had  already 
legalized  standards  difl'ering  somewhat  from  these,  but  they  were  soon 
accepted  byall, thusestahlishingapractieallyuniform  system  through- 
out the  country  and  one  in  agreement  with  that  adopted  by  the  Gov- 
ernment. Strictly  speaking,  however,  each  State  has  its  own  stand- 
ards, and  they  are  entirely  independent  of,  nittiough  copied  from,  those 
in  use  at  Washington.  But,  as  has  already  been  explained,  the  latter 
have  not  themselves  been  regarded  as  fundamental  standards,  being 
only  copies  of  the  imperial  standards  of  Grcjit  Britain,  in  the  case  of 
tlie  yard,  or  descended  from  tlie  same  ancestry,  as  in  the  cose  of  the 
pound,  and  assumed  to  be  the  same.  It  thus  appears  that  practically, 
and  until  a  very  recent  period,  our  wiiole  system  of  length  and  mass 
measurement  was  made  to  depend  upon  the  imperial  yard  and  pound 
of  Great  Britain. 

"ost  important  legislation  uiwu  this  subject  from  the  founding 
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of  the  Government  U*  tlie  present  time  is  the  act  of  CongresB  of  July 
28,  lS64i,  legalizing  the  metric  ByKtem  of  weights  and  measures  through- 
out the  United  States.  It  has  not  been  generally  recognized  that  this 
system  is  and  hiis  been  Pur  more  than  »  quarter  of  a  eeutnry  the  only 
system  whose  \ise  is  made  legal  throughout  the  whole  country  by  act 
of  Congress.  Since  the  passage  of  this  act  there  has  been  a  decided 
advance  in  the  use  of  thix  system  among  all  civilised  nations.  This 
remarkable  movement,  in  which  the  United  iStates  (lovemmeut,  through 
annual  contributions  of  money  and  diplomatic  negotiations,  has  had  a 
large  part,  leaves  no  room  for  doubt  that  in  the  comparatively  near 
fiitnre  all  mankind  will  be  in  the  fullest  enjoyment  of  the  great  boon  of 
a  single,  universal  system  of  weights  and  measures,  and  one  as  nearly 
perfect  in  tbrm  and  design  as  c^uld  well  bo  expected. 

The  recognition  of  this  fact  hasle<l  to  recent  action  on  the  part  of  the 
office  of  weights  and  measures  at  Washington,  which  is  of  such  impor- 
tance as  to  justify  the  repetition  here  of  the  words  of  Bulletin  No.  2((, 
U.  8.  Coast  and  Geodetic  Survey,  April  5, 1893,  in  which  it  was  first 
announced. 


"  While  the  Constitution  of  the  United  States  authoristes  Congress 
to  '  &z  the  standard  of  weights  and  measures,'  this  power  has  never 
been  definitely  exercisetl,  and  but  little  legislation  has  been  enacted 
upon  the  subject.  Washington  regarded  the  matter  of  sufficient  imjmr- 
tance  to  justify  a  special  reference  to  it  in  his  first  annual  message  to 
Congress  (January,  1790),  and  Jefl'erson,  while  Secretary  of  State,  pre- 
pared a  report  at  the  request  of  the  HouseofKepresentatives,  Id  which 
be  proposal  (July,  1790)  'to  reduce  every  hrauch  to  the  decimal  ratio 
already  established  for  coins,  and  thus  bring  the  calculation  of  the  prin- 
cipal affairs  of  life  within  thearitlimeticof  every  uiaQ  who  can  multiply 
and  divide.'  The  consideration  of  the  subject  being  again  urged  by 
Washington,  a  committee  of  Congress  reported  in  favor  of  Jeftcrsoo's 
plan,  but  no  legislation  followed.  In  the  meantime  the  executive  branch 
of  the  Government  found  it  necessary  to  procure  standards  for  use  in 
the  collection  of  revenue  and  other  operations  in  which  weights  and 
measures  were  re<iuired,  and  the  Troughtou  82-inch  brass  scale  was 
obtained  for  the  Coast  and  Geodetic  Survey  in  18U;  a  platinum  kilo- 
gram and  meter,  by  Uallatin,  in  1821;  and  a  Troy  pound  trom  London 
in  1827,  also  by  Gallatin.  In  1828  the  latter  was,  by  act  of  Congress, 
made  the  standard  of  mass  for  the  mint  of  the  United  States,  and, 
although  totally  unfit  for  such  purpose,  it  has  siuce  remained  the  stand- 
ard for  coinage  pnri)OBea. 

"in  1830  the  Secretary  of  the  Treasury  was  directed  tocauseacom- 
parison  to  be  made  of  the  standards  of  weight  and  measure  used  at 
the  principal  custom-houses,  as  a  result  of  which  large  discrepancies 
were  disclosed  in  the  weights  and  measures  in  use.  The  Treasury 
Department  being  oblige<l  to  execute  the  constitutional  provision  that 
all  duties,  imposts,  and  excises  shall  be  uniform  thronghout  the  United 
States,  adopted  the  Troughtou  scale  as  the  standard  of  length ;  the 
avoirdupois  pound  to  be  derived  from  the  Troy  pound  of  the  mint,  as 
the  unit  of  mass.  At  the  same  time  the  Department  adopted  the  wine 
gallon  of  231  cubic  inches  for  liquid  measure  and  the  Winchester  bushel 
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of  2150-42  cnbic  jiiehe.H  for  dry  measure.  In  IS36,  the  Secretary  of  tbe 
Tieasnry  watt  aatborize^l  to  caase  a  complete  Bet  of  all  weights  aud 
niea»mreH,  adopted  as  Ktandardtt  by  the  Departuieut  for  the  ase  of  cos- 
tomhouseK  and  for  otlier  ptir]H>Bet<,  to  be  delivered  to  the  governor  of 
each  State  iii  tlie  Ciiion  for  the  ute  of  the  iStates,  reBpectively,  the 
object  being  to  encourage  aiiiforniity  of  weiglits  aud  measures  through- 
out the  Union.  At  this  time  seveial  States  had  adopted  standards 
differing  from  those  osed  iu  the  Treaflory  Deitartmeut,  bat  after  a  time 
these  were  re,jevte<),  and,  Knally,  nearly  alt  the  States  formally  adopted 
by  act  of  legislature  the  standards  which  had  been  pnt  in  their  bands 
by  the  Xatioual  Uovernmcnt.  Tlmn  a  good  degree  of  nniformily  was 
secured,  although  Oongretw  had  not  adopteil  a  standard  of  mass  or  of 
length  othor  than  for  coinage  purposes  as  already  described. 

"The  next,  and  in  many  r«H])e<.'t^  the  mo.st  importaut,  legislation 
upoQ  the  subject  was  the  act  of  July  28,  lMi6,  making  the  u»ie  of  the 
metric  system  lawful  throughout  the  United  States,  and  defluing  the 
weights  and  measures  in  counuon  use  iu  terms  of  the  nuitsof  this  sys- 
tem. This  was  the  first  general  legislation  npon  the  subject,  aud  the 
metric  system  was  thus  the  first  and,  thus  far,  the  only  system  made 
generally  legal  throughout  the  country. 

"In  1875,  an  international  metric  convention  was  agreed  upon  by 
seventeen  go\'crnmentK,  including  the  United  States,  at  which  it  was 
Dudertakeu  to  establish  and  maintain  at  common  expense  a  perma- 
nent international  bureau  of  weights  and  measures,  the  first  object 
of  which  should  be  the  preparation  of  a  new  international  standard 
meter  and  a  new  international  standard  kilogram,  copies  of  which 
should  be  made  for  distribution  among  the  contributing  govemmeDts. 
Since  the  organization  of  the  bureau,  the  United  States  has  regularly 
contributed  to  its  supitort,  and  iu  IHHM  tlie  copies  of  the  new  interna- 
tional prototypes  were  reiidy  for  distribution.  This  was  effected  by 
lot,  aud  the  United  States  received  meters  Nos.  2L  and  27,  and  kilo- 
grams Nos.  4  and  20.  The  meters  am)  ki1ogran>s  are  made  from  the 
same  material,  which  is  an  alloy  of  platinum  with  10  per  ceut  of  irid- 
ium. 

"  On  January  2, 1890,  the  seals  which  bad  been  placed  on  meter  No. 
27  and  kilogram  No,  20,  at  the  International  Bureau  of  Weights  and 
Measures,  near  Paris,  were  broken  in  the  Cabinet  room  of  the  Execu- 
tive Mansion  by  the  President  of  the  United  States,  in  the  presence  of 
the  Secretary  of  State  and  the  Secretary  of  the  Ti-easury,  tORetLer  with 
a  number  of  invited  guests.  They  were  thus  adopted  as  the  national 
prototype  meter  and  kilogram. 

"  The  Troughton  scale,  which  in  the  early  part  of  the  century  had 
been  tentatively  adopted  as  a  standard  of  length,  has  long  been  recog- 
nized as  quite  unsuitable  for  such  use,  owing  to  its  faulty  eonstraction 
and  the  inferiority  of  its  gradnatiuu.  For  many  years,  in  standardizuig 
length  meaaiire.-*,  recourse  to  copies  of  the  imi>eri;il  yard  of  Great  Brit- 
ain had  been  necessary,  and  to  the  copies  of  the  ntetec  of  the  archives 
in  the  office  of  weights  and  mensures.  The  standard  of  mass  orig- 
inally selected  was  likewise  nnflt  for  use  ior  simitar  reasons,  and  had 
been  practically  ignored. 

"The  recent  receipt  of  the  very  accurate  copies  of  the  international 

metric  standards,  which  are  constructed  in  accord  with  the  most 

advanced  conception  of  modern  metrology,  enables  comparisons  to  be 

made  directly  with  those  standards,  as  the  equations  ot  the  national 

'  "itypea  are  accurat^^Iy  known.     It  has  seemend,  therefore,  that  greater 

ity  in  weights  aud  measures,  as  well  as  much  higher  accuracy  in 
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their  comparison,  can  be  secured  by  accepting  the  iDternational  proto- 
typeB  an  tlift  fandameiitalstaiidardttof  leiigtb  and  maas.  Itwasdoubt- 
lesB  the  intention  of  OODgrCHH  thitt  this  Bhould  be  done  when  the  inter- 
national metric  convention  was  entered  into  in  1875;  otherwise  there 
would  be  nothing  gained  from  the  auuoal  cuntributioun  to  its  sapport 
which  the  Government  has  constantly  made.  Such  action  will  also 
iiave  the  great  advantage  of  putting  us  in  direct  relation  in  our  weights 
and  measures  with  all  civili/.ed  nations,  nuMt  of  wlui^b  have  adopted 
the  metric  system  for  exclusive  use.  The  practical  ett'ect  upon  our  cus- 
tomary weights  and  measui'es  is,  of  course,  notliiiig.  The  most  care- 
ful study  of  the  relation  of  the  yard  and  the  meter  has  failed,  thus  far, 
to  show  that  the  relation  hs  defined  by  Congress  in  the  actof  186G  is  in 
error.  The  pound  as  there  defined,  in  its  relation  to  the  kilogram,  dif- 
fers from  the  imperial  pound  of  Great  Britiiin  by  not  more  than  1  part 
in  100,00(),  an  error,  if  it  lie  so  called,  which  utterly  vanishes  in  com- 
parison with  the  allowances  in  all  ordinary  transactions.  Only  the 
most  refined  scientific  research  will  <Iemand  a  closer  approximation,  and 
in  scientific  work  the  kilogram  itself  is  now  universally  used,  both  iu 
this  cuuntry  and  in  Kngland.* 

"Ill  view  of  these  facts,  and  the  absence  of  any  material  normal 
standards  of  customary  weights  and  measures,  the  oOice  of  weights 
and  measures,  with  the  approval  of  the  Secretai^  of  the  Treasury,  will 
in  the  future  regard  the  international  prototype  meter  and  kilogram 
as  fnndainental  standards,  and  the  cust^imary  units,  the  yanl  and  the 
pound,  will  be  derived  therefrom  in  accordance  with  the  act  of  July  28, 
JSSd.  Indeed,  this  course  has  been  practically  forced  upon  this  office 
for  several  years,  bat  it  is  considered  desirable  to  make  this  formal 
announcement  for  the  information  of  all  interested  in  the  science  of 
metrology  or  in  measurements  of  precision. 

"T.  (\  Meniikhiiall, 
"  Superintendent  of  Siand^ird  M'eigkU  and  Mea»ure», 

"Approved : 

"J.  (i.  Carlisle, 

"  Secretary  of  the  Treasury. 

"Ai'BILr>,18!)3.'' 

As  a  result  of  this  action,  our  fundamental  units  of  length  and  mass 
fwe  now  the  new  international  prototype  meter  and  kilogram  preserved 
by  the  International  Bureau  of  Weights  ;vtid  Mensures,  near  Paris,  and 
our  metrology  is  in  touch  with  that  of  the  civilized  world.  This  is  the 
second  great  step  toward  complete  emancipation  from  the  "brain- 
wearying,  intellect-destroy i tig"  system  with  which  we  have  so  hmg  been 
burdened,  and  letns  hope  that  the  time  is  not  far  distant  wheu  the 
desire  of  the  author  ot  thu  Declaration  of  Independence  will  be  realize«l 


'Itert<reni-6U>  tbeootur  IseertHultHiii  tliu  cstiibliHlimuiil  nf  the  folluwiugaiua- 
Uons: 

3600 
1  yard  =  ^g^ymulei. 

1  ponnd  avoirdupois  ^  .,  ,,n,„kilo. 

A  more  precine  valae  of  the  Eaj^lish  ponud  avoirdapoia  isq  •«)■■'•■  ki'"-! '''"''^''iiig 
fh>ra  the  alM>v«  bj  about  1  part  in  IDO.OOO,  but  tbo  eiiuatinti  oitiibliHhed  by  Ian-  is 
■aftlGtently  accurate  for  all  onlioary  cuiivcniionH. 

Ab  nlrrady  itutvd,  in  work  of  hisli  preiiuiou  Iho  kilojirum  is  now  all  but  univor- 
Mlly  UMOd  and  ii  '       '  '      ' 
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»»^  ,  •-.,  .^.  -i  ■.■>^  ,u»>.-^l;(l»i*«  «f  the  principal  affairs  of  life  withia  tbe 
,  .'.iiy.^  ,j  vv'<->  -v-**  w  S.(  rtui  multiply  and  divide." 

\  ' .. '^f'    v  -Mi'v  X  ■•v(t;>r<it  |MNn«tiiHtly  by  tbis  action,  and  none  can 
t ,!  .  ,■.  w    .h> .  ■«•!  1,^  'V  h-fc-i'v*  rt,  thtui  the  distinguished  body  to  which 

..  ,■■.■..  ■., 'v-«^'^^l*l'''^  Mit>««i«wl.  If  any  argument  ill  its  favor  were 
..  ,.i.>s  I  w.tM  «.' viifimiit  tw  ctN- tU*«  example  of  one  departinentof 
,j.  ..  I  vi  Mvi  ■■!  iii^iiKvuinj,  u^tmvly. electrical  eugineeriug,  which 
,  1.  ,  .  .1  .  u  (.u.w.iUxl  111  Noim-  dt'firw  iu  thisCongress.  Butjyester- 
,,  ,,  ,  I,  .,  ,  uaMi.Mui,  iin  tK'iuitiliilly  situple  units  of  measare  and  their 
,,,  ,  ,,„■,. I,,  uo  .^.^  »uii,;»  which  havw  cuahltMl  it  to  outstrip  tboae 
,1,,,   ,.,  .    .  I   IK  I  .ui.uiiK  <'<i' <'*'"^ '**^'S''^  ^f  >*i>  u"'^'*^°^'fi'^  Aiid  hope- 

I  MIS  UK   Kl.KlTBlfAL   MKAtfUKB.* 

\\  i,i..i>  lull  Knii'  uifir  ihitu  »  (UvimIu  practical  applications  of  elec- 
,, ,.   , ,    I,  n,    ,1,  vt  li'i'iil  \uili  ii  nn)idity  unparallelled  in  the  history  of 

,^ I,,  III,         Miui.i    millionis  of  dullurs  of  capital  are  now  in- 

,    I   III   II..'  IK  iKiU.n  liMo  i>l  uiiiihiiit'iy  iiiid  vitrious  devices  for  the 

., .,,,,!   .  I'll  iimi'lii'ii  *'f  olwliicity.    As  it  has  now  become 

i,i(hI   h.iili',  ii.>  iiii'a.Miivtiiciit  i«i  a  tiucstion  of  the  highest 

,,,,,..    ti  .1  It  M  Nil-  |>u»liu'('i   itnd  ixtiisutuer.    Both  the  nomencla- 
,,   ,1,    Ml'  i>  >  iiiiK  I  tiiitl  ilio  iiicthixts  and  instruments  of  meaaure 

m  |,i,~,  1 ,0  till)  -..tiiMuctory,  bnt  thetv  has  been  lacking, 

\i^     .,,,   ,  ,,i    ini'i,  iho  \i-i>    muKHtant  and  esisentiiU  element  of 

II  ,,,^.i,i,ii,l,  iiKii .  t>i  iiit',).tiiit<  atiChoiitutively  adopted.    Such 

I  ^   ,   I,,,,     i„  ,  II  111  II ,,'  ,»ni,'iii;  M  K-iitilit'  uH'u.  but  the  necessity  for 

(,,,,, ,,(   ,iK,l   li  ,.iti    iin'ii  I't  piintital  units  for  «M>mmerciaI 

I,      ,1,1,    ,.\iii>>'l    '"  '''*'   lH>;imiiiig  of  the  rei-ent  etiormons 

'l  ■   ' ,    ,,    ,i„,   ,|,,,lu,HKoi-,,.l  .^^^•^■tli.■^ty. 

^  , iiLiyi  I    iiU  me-  ini«l  wiMit.fi'iitm'iH'Cs  and  congresses 

,      i,,,      ,1,    uii  1 11'.  I'l  llio  wi'iUl  liwvt'  bw-n  held  utoccasional 

I     ^ ,  i,,,n,    Hk- *'»".■.  ri>iii;i-»v*s  of  ISSl.    These  asaem- 

'    I  ,1,    ,,,1,11,  ii il  lit  lUi-it  vhuiiM'ter,  for  it  was  wisely 

,1,,    |,,    ,1,11111.'   iliti  tlio  iio^t  units  of  measure  should  be 

,        y    ,  ji   (,Kut>i  ..tl  III  llicir  application.    It  was  con- 

^     ^^„  ,^^    „,  .(Ktl  M   «'*-<  iiii)Hti't»iit  to  thus  facilitate  in- 

'     ,1    i„,   ,   1.  ,1,.,,,  ,.i  .iii.liiin'n.  ii'-'lioiiicnts,  etc.    The  United 

,i,t,,l   li\  viiK'il  di'U'i;i»tc.'*  ill  the  ("ougress  of  1881, 

,       ,1  ill,,  uiiuutl  M'lmvMiitalioH  of -some  of  the  units 

'  ,,  ,j   J,  tm>Mii»'i'l   hi'hinij;  these  Congresses  that 

^'  ,  ,,,  ,| ,  I,,  ill  i>i  them  ei>iihl  tH>  arrived  at.    Some 

'  ,  I  .  Ill  iJi ,  *'"*  !•'»'>  "'  ""  ''""'  "'*'*"■«'  *''6  unani- 

i\    .ii.im  .lul  (lid  »>eieadmittcdhy«Iltobetentative 

' ',  '     Hiiiki.   i'i>'  I"''  '''^^  \cais  the  advance  of  koowl- 

,,,  1     I  \,...t  rtii'Hi*'<»l»tl'''*"''»'ey. 
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edge  aud  experience  among  ele<^tric)ans  was  such  na  to  indicate  that 
the  time  was  ri[>e  for  tbe  general  adoption  of  ttte  principal  units  of 
electrical  measure.  An  International  Congress  of  Electricians  was 
arranged  for,  to  meet  in  Chicago,  during  the  World's  Colombian  Ex- 
position of  l$9^t.  In  this  Congress  the  business  of  defining  aud  naming 
units  of  measure  was  left  to  what  was  known  as  the  "Chamber  of 
Delegates,"  a  body  composed  of  those  only  wlio  had  been  officially 
commfssioned  by  their  respective  governments  to  act  a»  members  of 
said  Chamber.  Tbe  United  States,  Great  Britain,  Germany,  and 
France  were  eachallnwed  &ve  delegates  in  tbe  Chamber.  Other  nations 
were  represented  by  three,  two,  and  in  some  cases  one.  Tbe  princi- 
pal nations  of  tbe  world  were  represented  by  their  leading  electricians, 
and  the  Chamber  embraced  many  of  tbe  most  distiuguished  living 
representatives  of  physical  science. 

The  delegates  representing  the  United  States  have  reported  to  tbe 
honorable  the  Secretary  of  Stsite.  uiuler  date  of  November  C,  1893, 
giving  tbe  names  and  definitions  of  the  units  of  electrical  measure  as 
unanimously  rcfromnieudcd  by  the  Chamber  in  a  resolution  as  follows; 

'^ Resolved,  That  the  several  governments  represented  by  the  dele- 
gates of  this  International  Congress  of  Electricians  be,  and  they  are 
hereby,  recAinmended  to  formally  adopt  as  legal  units  of  electrical 
measure  the  following:  As  a  miit  of  resistance,  tbe  iHtentational  ohm, 
which  is  based  upon  the  ohm  equal  to  10"  units  of  resistance  of  the 
Centimeter-Gramme- Second  system  of  electro-magnetic  units;  and  is 
represented  by  tbe  resistance  offered  to  an  nnvarying  electric  current 
by  a  column  of  mercury  at  tbe  temperature  of  melting  ice  11-4521 
grammes  in  mass,  of  a  constant  cross -sectional  area  and  of  tbe  leugth 
of  IWiJS  centimeters. 

**As  a  unit  of  current,  the  inteniationat  ampire,  vhivh  is  one-tenth  of 
the  unit  of  current  of  the  c.  G.  s,  syst«m  of  electro-magnetic  units,  and 
which  is  represented  Buffieiently  well  for  prai-tical  use  by  the  unvarying 
current  which,  when  passed  tlirougb  a  solution  of  nitrate  of  silver  in 
water,  and  in  accodrance  with  accompanying  specitlc^^tious,'  deposits 
silver  at  the  rate  of  0-0011 18  of  a  gramme  per  second. 

'  Id  tbo  followinK  speuiti cation  the  term  silver  vollanifter  lueaiiH  the  airangemeDt 
of  spparatUH  lij  means  uf  wliicb  nn  electric  current  in  pasaed  tliTon|;h  a  soliitiua  of 
nitrate  of  silver  in  wat^r.  TlieHilver  voltameter  raeaHurcHtlie  total  electrical  i|dao- 
tit;  which  baa  patutid  during  the  time  of  tlie  eipf  riment.  and  by  nutiu);  this  time, 
the  time  avorage  of  tiio  current,  or  if  tliu  current  bus  bfeii  kept  constant,  the  cur- 
rent itnelf  can  be  dednced. 

In  employing  the  silver  ^'bltauietcr  to  mcaHiirc  cnrrunts  of  about  1  aiuptre,  the 
following  arrangements  should  be  adopted ; 

Tbe  kathode  ou  which  the  silver  is  to  be  <lepoajted  »bould  take  the  form  of  a  plat- 
inum bowl,  not  loss  than  10  centimtiters  in  diameter  and  from  4  to  5  centimiit«rs  in 
depth. 

The  anode  should  be  a  plate  of  pure  silver  some  %>  square  rcnliniuters  in  area  and 
2  or  3  millimeters  in  tbicknesH. 

Tlii*  is  supported  horizontally  iu  tbe  liijuid  near  the  lop  uf  the  solution  by  a  plat- 
inum wire  passed  through  bolrs  in  the  plate  at  op|iosit«  comers.  To  prevent  the 
disintegrated  silver  which  iu  furmL'<l  ou  the  aiiudc  from  falling  on  to  the  kathode. 
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'■Ana  niiit  of  electro- motive  fotvOf  the  international  roU,  which  istbe 
electro-niutiTu  force  that,  steadily  applied  to  »  conductor  whose 
resUtance  l»  one  iiiternatioital  ohna,  will  produce  a  current  of  one 
internatioDal  ampere,  and  which  is  represented  sufficiently  well  for 
practical  use  by  ijlJJ  of  the  electro- motive  force  between  the  poles  or 
electrodes  of  the  voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of 
lii'^  V,.,  and  prepared  in  the  manner  described  in  Che  aocompanyinfr 
■peciflcation.* 

"Aa  a  unit  of  quantity,  the  international  coulomb,  which  is  the  quan- 
tity of  electricity  transferred  by  a  current  of  one  international  ampjsre 
Id  one  second. 

"As  a  unit  of  capacity,  the  international  farad,  which  is  the  capacity 
of  a  condenser  charged  to  a  potential  of  one  int«rnatiODa1  volt  by 
one  international  coulomb  of  electricity. 

"As  a  unit  of  work,  the  joule,  which  is  equal  to  10'  units  of  work  in 
the  G.  a.  B.  system,  iind  which  is  represented  sufUciently  well  for  prac- 
tical use  by  the  energy  expended  in  one  second  by  an  international 
ami>ere  in  an  international  ohui. 

"As  a  unit  of  power,  the  «■«((,  which  is  equal  to  10'  onits  of  power  in 
the  c.  o.  8.  system,  nnd  which  is  represented  sufficiently  well  for  prac- 
tical utte,  by  the  work  done  at  the  rate  of  one  joule  per  second. 

"As  the  unit  of  induction,  the  henry,  which  is  the  induction  in  a  cir- 
cDii  when  the  electro-motive  force  induced  in  this  circuit  is  one  inter- 
national volt,  white  the  inducing  current  varies  at  the  rate  of  one 
ampere  per  second." 

Besides  the  fact  thai  the  Congress  in  which  this  inqtortaut  and  far- 
reaching  action  was  taken  was  held  iu  the  United  States,  our  country 
bas  been  honored  by  the  action  of  the  Chamber  of  Delegates  in  placing 
in  the  list  of  the  illustrious  nauios  which  are  to  be  perpetuated  in  the 
nomcnclatureofelectricity  that  of  our  countryman,  Joseph  Henry,  whose 
splendid  contributions  to  science,  made  about  sixty  years  ago,  have 
only  in  recent  years  met  with  full  recognition.  For  these  and  other 
reasons  it  is  extremely  desirable  that  our  Government  should  be  among 
the  first,  if  not  the  first,  to  ailopt  the  recommendations  of  the  Chamber. 
To  make  the  use  of  these  units  obligatory  in  all  parts  of  the  country 
will  re<iuire  an  a<!t  of  Congress,  but  iu  the  absence  of  that,  it  is  withiu 
the  power  of  the  Secretary  of  the  Treasury  to  approve  their  adoption 
for  nse  in  all  Departments  of  the  Government.  This  indeed  is  pre- 
cisely the  course  long  ago  followed  in  reference  to  the  ordinary  weights 
and  measures  of  commerce  and  trade.    Congress  has  never  enacted  a 


Ihe  auode  sliuiild  be  wtaiipurf  ruimil  witli  pure  filter  paper,  secured  at  the  bock  with 
■enlJDf;  wm. 

Tho  Ui|iiiil  Bhoiild  consigt  of  a  neutral  aelntion  of  pure  uiXver  nitrate,  coataininit 
about  15  parts  by  weight  of  the  nitrate  t«85  parta  of  water. 

Tlie  resistance  of  the  voltameter  cbances  somewhat  oa  the  current  paa»ea.  To 
prevent  these  cbangen  having  too  great  an  effect  on  the  current,  aome  resistance 
tieHiUea  that  of  the  voltameter  should  be  inserted  in  the  circuit,  llie  total  metallio 
I'eslHtance  of  the  circuit  shonld  not  be  lens  than  10  ohms. 

'  committee,  consisting  of  Messrs.  Helmboltz,  Ayrlon,  and  Carhart,  was  appointed 
ipare  specifications  for  the  Clark's  cell.    Their  report  baa  not  fet  been  leoeived. 
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law  fixing  the  value  of  their  units,  but  the  Secretary  of  the  Treasury 
was  authorizes)  to  establiah  and  (-instruct  Btaudards  for  use  iu  the 
various  Departments  of  the  OoveriimeDt.  Uniformity  has  followed  on 
account  of  the  universal  adoption  of  these  standards  by  the  several 
States. 

The  Government  is  itself  a  large  consumer  of  electricity  and  electrical 
machinery,  and  for  its  own  protection  it  is  imitortant  that  units  of 
measure  be  adopted.  With  the  approval,  therefore,  of  the  honorable 
the  Secretary  of  the  Treasury,  the  formal  adojition  by  the  Office  of 
Standard  Weights  and  Measnres  of  the  names  and  valaes  of  units  of 
electrical  measure  as  given  above,  the  same  being  in  accord  with  the 
recommendations  of  the  Internatioual  Congress  of  Electricians  of  1893, 
has  been  announced. 
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!"•:?  pB<>TO<;RAPHr  ns  the  coloks  «»f  satire. 

9>S<:r3trfMr  ;:l»ss  luinting.  It  nfw*'*^'''  «<v|i*d  with  ytOoviA- 
bo-VB  kair  aixl  viiie&  >nd  >  umiII  bisc  r«arf  ar«a>d  tht  wurt,  wboae 
cc«is  TATe  iM  tbe  vimL  Be  cmiwj  an  mrrw  i«e>inug tvo  be«rtB  of 
rs^-T  (■4or:  bKvt^n  tti*>  kue««  br  boM»  a  qwwr  vith  jcOow  oms- 
BK«ud  Ofwaine.  tuad  yelUtw  mmmatiBp^  tW  ki««T  |nrt  of  vkick  rate, 
«:;k  ikt  &*mt¥.  Qpun  an  MltraJl-tk-  tbiEtlc  Uusfjw  of  nd  ksTcs.  Hm 
•s*4D  v  irf*  thf  famte  ea^or.  attd  thie  plant  ^bovic  fresli  gm*  tesTen.  Tlie 
lAriarr  has  a  pair  Unc  barkproniML  and  ted.  grws.  aad  yellow  onia- 
■M-i.t^ina  aniaad  the  iMmltr  in  t<tt  prtiDoantvd  ooliinL  TUs  border 
<nan«iitati<ia  affords  anexn-llent  Mtsttsof  n)Mpari?io««ttli  tbeprioL 
TW  tattrr.  iu  o|>ta>qtM>n  i"  tbc  bri;:kt  <«:^iiaL  rtiows  a  mceoiah-gny, 
parllT  dark,  gruw>d.  At  first  luok.  t«w  rm^mins  readily  that  of  all 
tW  rulorx  only  tliv  red  of  tb«  <«tpiBal  bai-  bmi  di^tiBrtlr  re-prodored. 
Bat  it  K  nut  tme  to  natnrv:  it  bai(  a  tvpfm-red  mlor.  and  differs 
dn-id*^ily  froa  tbe  venu:lkta  atxl  cumiDp  md  uf  tbe  orii^naL  Be«ideB 
tbis  eum>errKL  only  tb*-  bl::e  vt  t'le  Srvf  aitd  tbe  ■MiaDtinf!:^  or 
tbe  ero'^ii'bow  aud  qairer  <«HBe  •■«t  a  Tery  inie  ti^t  hloe,  vitli  no 
itatunl  rvM-rablaoee.  Tl>e  Mark  lutes  •'i  :be  bordrr  decoration  appear 
ab.i:Eside  <rf  thi-  a#  a  \t..W  bbwt  Tbeseair  ibe  tooes  whicb,  to  some 
<-xt«it.  bare  a  ^inljU■my  oi  <t4«-.  bet  wr.h  tbe  orbrr  tfdors  it  is  not  so 
E*v<tnible.  Tbe  ye!l">*  s.,o»ir#  and  pnyB  trapezoids  of  the  horAtr 
der»raii<>n  appt-jr  nt-:ibrT  «■:»..«■  ikw  jntrm.  hrt  have  a  greyisb-red 
twK-.  Tbe  Miie  l»ei.i»  aie  ik-i  I'-c*.  l«nt  jrwMii^i  (rev,  like  the  gruonit. 
U  if  m«B4  Mri'Tilar  ll.ii  ?*-vt-ral  p*n>  are  rriaii'dneerf  in  red  which 
>eto^l]rare  iKrf  t«.L  (.".i  l.r*«T  a.:i-».  «*^  I'l  n.stawse,  the  hair,  the 
*ii.::s.'tbe  rn.>*l-.«.  li-e  i:  <J<- eW-.  TIm  i--ef<B  )««WB  in  the  pn at 
sb..w  ».  fr**h  n.W*.  aT .-:  T-.  T^  "  *  -"^  "  ri..  !.."««•  awl  the  body  of 
rtpid  sU.woi.iv  aiaW-  iv->*  (v../r  Tw  -fcw^.  :-ijiiceof  ttienew 

P»i"t*.«T»i.h«r*:or»-T.  -*:<-»  .■"••"^  -^  ■iwr„./.-.».^Terj  fcvorable. 
OnlT^w**,*:-*.--..  N  ^•.^...■.-  .'--M...:.  .. -.*o.vy-ofwLichthe 
r^  V  tU  brsi :  :..  -  i.^-  ■-  v-^    i>   J-'-  *  ■»■'  1  '^  *''^^«-  f; '^^*1'« 

it:^i„»  w.--,-^-      -t.    '.M     "    i>   ■' till  ■.»::..<UAfv»aK*l  the  border, 

iiSTl     "  r^,^^    •"-'■■  "  ••-   '-^  rv-^r^iav-^iatalLorari 

».#      1    "^'^i     ..  ».  "-   I  i.viiit'.^w  tbe  sample  before 

SL      .?i"','       .    %1  ■    "  •-   **•'   ■"  i^-:  -(  N'n--*  de  StVvictor, 

m.t.i  tl-e  !■'•   '  ^    ^  ,,,  ;,.^  ij,t[  iii,i,j*  niiieh  fdder  ppo- 


I  :ae  txtiesilfvi^ted  Ukewisecon- 


V  '•"■  ■  ■  ■  '^'  ^"^  '^*-'' '"  ^'"'  *I*«'tniui  prodnces  red 

',   ,   .  .1       -t  "-'--*'  *'  ''■  ''■""^-  *'>■  't^  re>iufiug  action.* 

V    -.'.  -!>■•,'>  -*•   cr-4  siulit  »i>|K^r  improbable  that 

w", -.^vii   :  ■'.'  *>'-i'rs  of  (be  sjM^'trani  and  tbe  colors 

I  ■„   .<. .»  u'fEt-  Lttvi^'iil:  tint  alllioagh  this  is  difficult 

V  '->'  (>'-  ^  ^' -'^  "  '^  '"*  ^'*'<<'*^'itAl  cttiucidence  and 

Itt   llie  Ivst  ^jMviiueii3  of  these  photo-chro- 

I  u    \    luve  swn.  tlie  i-^ilors  were  certainly  uothiog 

.■v\tn;»ti.tus  tt>  tbe  purr  spectrum  t-olors;  and  even  iu 

J ......  t«t"  tlio  c<«I'>retl  eftect   wa-s  doe  to  the  unaltered 

(  itio  111'"  i"  rCfTioiis  where  st>mc  particular  color  had 
M.>i»  «t  :>ll.- 


U'ifmMrf  nf  I'kotograph),  p.  3M, 
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The  progreea  by  wbivh  »m;h  iiiij)erftM:t  reeiilts  bavc  be«ii  obUiiued  is 
too  Blow  to  be  applied  Bueesafully  to  camera  pliotograpliy,  and  the 
resaltB  are  uot  permanent. 

Id  view  of  all  these  facts,  it  would  appear  tbat  there  ia  no  »cieutiflc 
basiH  for  a  belief  that  any  material  improvement  can  ever  be  made  iu 
this  procesfl,  and  that  all  so-called  progress  along  thifl  line  i«  a  dela- 
sion.  It  is  true  that  some  distinguished  photograpliic  writ^-rs  continue 
to  regard  every  new  modification  of  this  old  process,  and  every  new 
reKultof  ex)>eriment  with  it,  as  another  step  towards  the  photographic 
re- production  of  the  natural  cwdors;  bnt  1  have  no  doubt  tbat  if  the 
samewriters  had  lived  two  hundred  yearsagothey  would  have  regarded 
the  production  of  new  yellow-colored  metal  alloys  as  steps  toward  the 
transmutation  of  the  baser  uietAls  into  gold. 

In  my  opinion,  the  first  step  toward  the  solution 'of  this  problem  was 
taken  by  Henry  Oollen,  Queeu  Victoria's  painting  master,  who,  in  1865, 
invented  a  plan  of  composite  heliochromy.  His  plan  was  based  upon 
a  false  conception  of  the  nature  of  color,  and  means  for  carrying  it  out 
were  then  unknown ;  but  it  was  a  bright  iAen,  and  contained  the  genu 
of  a  successful  process.  Collen's  origiual  communication  of  bis  idea 
appeared  in  The  Britink  Journal  of  Photography,  October  27, 18(J5,  and 
reads  us  follows: 

"  It  occurred  to  me  this  morning  that  if  substances  were  di8covere<l 
sensitive  only  to  the  primary  colors — that  ia,  one  substauce  to  eaoh 
color — it  would  be  possible  to  obtain  photographs  with  the  tints  as  in 
nature  by  some  such  means  na  the  following: 

"Obtain  a  negative  sensitive  to  tlie  blue  rays  only;  obtain  a  second 
negative  sensitive  to  the  red  rays  only,  and  a  third  sensitive  to  the  yel- 
low rays  only. 

"There  will  thus  have  been  three  plates  obtained  for  printing  in 
colors,  and  each  plate  having  eNtracte<l  all  its  own  peculiar  color  from 
every  part  of  tbe  subject  in  which  it  has  been  combined  with  the  other 
two  colors,  and  being  in  a  certain  degree  analogous  to  the  tones  used 
in  chromo-hthography.  Now,  it  is  evident  thatif  a  surface  be  prepare*! 
for  a  positive  picture,  sensitive  to  yellow  rays  <mly,  and  tbat  the  two 
negatives,  sensitive  only  to  blue  and  red,  be  super-imposed  either  on  the 
other,  and  be  laid  on  this  surface,  the  action  of  light  will  be  to  give  all 
the  yellow  existing  iu  the  subject,  aud  if  this  process  be  repeated  on 
other  surfaces  sensitive  oidy  to  red  or  blue,  respectively,  there  will 
have  been  produced  tliree  pictures  of  a  colored  object,  each  of  which 
contains  a  primitive  color  reflected  fi-om  that  object. 

"Now,  supposing  the  first  great  object  achieved,  viz.,  the  di.<covery 
of  substances  or  preparations,  each  having  sensitiveness  to  each  of  the 
primary  colors  only,  it  will  uot  be  diHicult  to  imagine  that  the  nega- 
tives being  received  on  tbe  surface  of  a  material  quite  transparent  and 
extremely  thin,  and  that  being  so  obtained  are  used  as  above,  i.  e.,  each 
pair  of  superimposed  negatives  to  obtain  the  color  of  tlie  third — that 
three  positives  will  be  obtained,  each  representing  a  considerable  por- 
tion of  tbe  form  of  the  object,  but  only  one  primary  of  tlie  det^oniimsed 
color  of  it.  Now,  if  these  three  iwsitives  be  received  oii  the  same  kind 
of  material  as  that  used  for  the  negatives  aud  be  then  laid  the  one  on 
the  other,  with  true  coincidence  as  to  the  form,  and  all  laid  uiHiurn 
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aiibstihite  for  glass  painting.  It  represents  a  cupid  witb  yellowisb- 
brown  hair  and  wings,  and  a  small  blue  searf  around  tlie  waist,  whose 
ends  wave  in  tbe  wind.  He  carries  an  arrow  piercing  two  boarte  of 
ruby  color;  between  the  knees  beholds  a  quiver  with  yellow  orna- 
mented opening,  and  yellow  mountings,  the  lower  part  of  which  rests, 
with  the  figure,  upon  an  idealistic  thistle  blossom  of  red  leaves.  The 
stem  is  of  the  same  color,  and  the  plan  t  shows  Iresb  green  leaves.  The 
picture  has  a  pale  blue  background,  and  red,  green,  and  yellow  oma- 
uientation  around  the  border  in  very  pronounced  colors.  This  border 
omameutationiifi'ords  an  excellent  nieansof  comparison  with  the  print. 
The  latter,  in  opposition  to  the  bright  original,  shows  ii  (^reeiiiali-grey, 
partly  dark,  ground.  At  first  look,  one  recognizes  readily  that  of  all 
the  colors  only  the  red  of  the  original  has  been  distinctly  re-produced. 
But  it  is  not  true  to  nature;  it  haa  :v  copper  retl  color,  and  differs 
decidedly  from  the  vermilion  and  ciirmiuered  of  the  original.  Besides 
this  copper  red,  only  the  bine  of  the  scarf  and  the  mountings  of 
the  cross-bow  and  (juiver  come  out  a  very  pale  light  blue,  with  no 
natural  resemblance.  The  black  lines  of  the  border  decoration  appear 
alongside  of  this  as  a  violet-black.  These  are  the  tones  which,  to  some 
extent,  have  a  similarity  of  color,  but  with  tbe  other  colors  it  iH  not  so 
favorable.  The  yellow  sijuares  and  green  trapezoids  of  the  border 
decoration  appear  neither  yellow  nor  green,  but  have  a  greyish-red 
tone.  The  blue  fields  are  not  bine,  but  greenish  grey,  like  the  ground. 
It  is  most  singular  that  several  parts  are  reproduced  in  red  wbicli 
actually  are  not  red,  but  brown-yellow,  as,  for  instance,  the  hair,  the 
wings,  tbe  cross-bow,  the  thistle,  etc.  The  green  leaves  in  the  print 
show  no  IVesb  color,  and  the  red  leaves  of  the  blossom  and  the  body  of 
cupid  show  only  apale  flesh  color.  -  -  -  Theiesemblanceof  tlienew 
photographic  pictures  to  natural  colors  is,  theretbre,  not  very  favorable. 
Only  two  colors  can  be  recognized  distinctly  in  the  copy,  of  which  tln' 
red  is  the  best;  in  a  lesa  degree  the  blue,  which  is  weaker  as  far  astl  ' 
picture  is  concerned.  The  blue  in  the  ornamentation  around  the  bonl 
and  all  other  colors,  either  have  not  been  re-produced  at  all,  m 
entirely  unlike  the  original.  -  -  -  If  I  compare  the-samph^ ! 
me  with  the  pictures  I  have  seen  in  1867  of  Ni^pce  de  8r. 
BecQuerel,  and  Dr.  Zenker,  I  must  confess  that  those  much  " 
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..'..t*.  .i,r'«-c.  If  Til  no*  i,^  dtfficnit  to  imagine  that  the  efllpct  would 
.-  iif  )'!  I V  ■  rii>  r-^T<^*tnti*tUtn  of  the  form  of  the  object,  bnt  that  of  its 
.■fit/,r  »l-wi  .1)  ail  iM  enmpnnodfl. 

'■■■••■ 

'  A.t:hon<rh  thf.  idea  I  hare  endeavored  to  express  in  words  maybe 
■iftiTlv  ^nnhlesB,  I  am  nnwillinK  Ut  let  it  slip  away  without  notice,  as 
it  mwy  on  The  oTher  hand  contain  a  germ  which  may  f^ow  and  bear 
fruit  111  due  nKuuta." 

The  iaxignngt.  f4  MMte  parts  of  this  commaoication  is  ambifnioas,  but, 
tak*^  ^tUtgftbtT,  with  dne  alluwance  for  the  writer'a  anfamiliarity  with 
photngrafthte  technology,  it  clearly  amoauts  to  a  snggestioa  to  make 
rhrra  photofrrapbic  negatives  of  an  object — one  by  the  action  of  red 
lijrht,  one  by  yellow,  one  by  blue;  to  print  from  each  pair  of  these  nega- 
tives (snperpoHed  as  one)  a  transparent  positive  having  the  color  repre- 
nented  by  Che  third  negative,  and  to  saperpose  on  a  white  snrtace  the 
thre«  prints  thus  obtained. 

It  was  not  possible  to  carry  out  Collen's  suggestion  at  that  time, 
because  there  was  no  known  process  by  which  plates  could  be  prepared 
which  were  sensitive  to  single  colors  only,  and  no  photographic  plat«8 
were  sensitive  enough  to  red  aud  yellow  to  admit  of  the  prodnctioQ  of 
such  negatives  by  exposure  tbrongh  selective  color  screens.  Had  it 
been  possible  to  carry  it  out,  the  results  must  have  been  very  imperfect, 
not  only  because  the  entire  procedure  is  base<l  ujton  a  false  and  mislead- 
ing theory  of  color,  bat  also  bet^ause  superirasing  two  negatives  to  act 
as  one  vould  double  the  iuteiisily  of  such  parts  as  represented  white, 
gray,  or  pale  colored  objects,  with  tlie  result  that  if  the  color  prints 
were  made  to  show  all  the  details  of  the  negatives,  the  finished  helio- 
cbromes  would  show  all  bright  colors  as  if  mixed  with  equal  parts  of 
black  niirment. 
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amounts  to  the  same  thing,  and  would  not  obviate  the  defect  I  have 
mentioned  as  resulting  from  the  donbling  of  intensity  on  uncolored 
objects.  Heproposed  to  makeone  negative  through  an  "orange"  screen, 
calculated  to  absorb  the  blue  tight  and  transmit  the  red  and  yellow; 
one  through  a  "violefscreengcalculated  to  absorb  the  yellow  light  and 
transmit  the  blue  and  red;  one  through  a  "green"  screen,  calculated 
to  absorb  the  red  light  and  transmit  the  yellow  and  blue. 

It  was  no  more  possible  to  carry  out  this  idea  in  Dnbanron's  way  in 
1868,  than  to  carry  it  out  inColleu's  way  in  1865.  It  is  true,  Dnhauron 
tried  to  carry  it  out,  and  showed,  8)>ecimen8  of  work,  but  the  red  and 
yellow  rays  did  not  act  on  his  sensitive  plates,*  and  be  admitted,  in  a 
communication  to  the  French  Photographic  Society,!  that  '^the  pro- 
duction of  good  results  will  -  ■  ■  involve  the  manufacture  of  com- 
pounds whieh  have  not  yet  been  created." 

Soon  after  Dohauron  showed  bis  first  specimens,  Charles  Cros,  of 
Paris,  published  another  modification  of  GolJcn's  plan.}  Line  Collen, 
Oros  proposed  to  make  one  negative  by  the  action  of  red  light,  one  by 
yellow,  and  one  by  blue,  but  by  exposing  the  sensitive  plates  through 
red,  yellow,  aud  blue  screens  instead  of  employing  plates  sensitive  to 
single  colors  only.  Instead  of  superposing  each  pair  of  these  nega- 
tives to  make  each  color  print,  he  proposed  to  make  a  green  print 
from  the  negative  made  by  red  light,  a  violet  print  from  the  negative 
made  by  yellow  light,  and  an  orange  print  from  the  negative  made  by 
the  blue  light.  He  also  suggested  that  ordinary  [maitive  prints  made 
from  these  negatives  might  be  illuminated  each  by  the  kiud  of  light 
which  it  represented,  aud  the  three  combined  by  the  aid  of  suitable 
optical  devices  so  as  to  form  a  single  picture,  showing  all  the  colors. 
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ft^ri?*:,  tn^  (»*yAliv««  •i.'rt;'!  Ii^r  n.^i^  by  Ibe  a<.-n>iD  of  <>niu^.  ITrera, 
lir.fl  i.r'/W  <(j<wr?.rfiw  ray*.  ■»:.;' b  ar«i->'iiii>WiufDt»r>' t->  lli^tVri'riBfisob- 
tfAr.^M.     "AffftM  \it^-4t:.'k  bav«r  ib'figbt  tbat  be  b.itl  ibe  idm  of  i>t*fc-ii«g 
».*i'-t'.v*r*  t/>  r»rjff'— *-':t  jtfunar^'  ifA'ir  *M-ii^sations,  bat  Ibi*  i^|>|iosition is 
»,*-y;»f('/Ml,  (I'rt  'rf.'y  by  tb*-  ali-*-ii'-t^  of  any  dtrt-lanitiou  to  tbut  eflfeet^ 
l/i.t,  ^!*<«  bj-  Ml*-  f»'r>  tit-tt  'iranKe'l"»^""t  n-|tres»-iit  a  |>riiu;iry  nrioreen- 
■Kitf'ri,  mM)*t  nt  f»f-t  or  a/i-finliiit;  to  any  lbe<»ry  n^-^inletl  ia  the  t#xt- 
Ij'i'jk*,  »»i'l  tfi»r  violt-t  raytateiiot  tbi-ouf^  wbirh  most  |>ow^rfiilly  excite 
th«  bbM!  'violfrt;  w-fi-atif«i.    Tbe  plan  was  also  utterly  iudeduite  aa 
rtTKar'lH  lli«r  tfVM'wf,  '•ft'^rt  of  intermediate  i*j>eflrnni  raj-s,  aod  Duhan- 
ffrti  biniMrlf,  owrriK  t"  tl'«  fa"'  tbat  he  never  tried  the  method  npon  the 
i»  wA-nr^XM  ktio«]e<I};e  of  Its  eajhibilitie^.     lu  bislatest 
prrx^tw  fl'*!'*,  *   be   euiployed    no  plate  sensitive    to 
triKft  ligbt.    One  net;atiTe  wax  ninde  chiefly  by  yellow 
y  (;rM;n,  and  the  third  chiefly  by  violet  and  iaviaible 

finicli,  alfto  took  advantage  of  the  dis«)very  of  color 
jf  t«  curry  out  Oolleu's  principle  act^'ordint;  to  Dahan- 

Jiily  -It,  l«7«.  No.  •BTii. 
\w.  i\r  |-li<il(>t{ru|iliie  il«B  Coultura,"  Paris,  1*178.  I'l-olugraphie  Xem, 
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ron's  original  pl»n.    He  was  the  first  to  in»ke  tbe  color  prints  by  tlie 
collotype  process,  which  led  to  the  nse  of  tbe  term  "  ctiromo-coHotype." 

In  1879,  Cros*  abandoned  the  idea  that  red,  yellow,  and  blue  are  pri- 
mary spectrum  colors,  but  still  held  that  there  are  three  primary  colors 
and  mixtures  thereof,  and  that  these  primary  colors  are  oiange,  green, 
aad  violet.  Like  Duhaaron,  be  decided  to  make  negatives  by  light  of 
these  colors  and  prints  in  blae,  red,  and  yellow. 

In  1SS4,  Dr.  F.  Stolze,  of  Berlin,  made  a  series  of  investigations  and 
tried  to  solve  tbe  problem  by  devising  a  procedure  more  in  accordance 
with  Young's  theory  of  color.!  He  said:  "Although  the  colors  corrc- 
8i>ond  with  certain  external  processes  in  nature,  there  is  also  no  doubt 
that  color  as  such  is  nothing  objective,  bat  a  subjective  sensation,  based 
upon  tbe  iieculiar  irritation  of  the  visual  nerves  by  those  external  pro- 
ceedings. We  can,  therefore,  only  hope  to  produce  a  picture  in  natural 
colors  when  we  are  enabled  to  reproduce  upon  the  same  the  proceedings 
which  furnish  to  us  the  color  impression.  The  genenil  idea  of  all  colors 
being  bused  upon  the  three  principal  colors,  red,  yellow,  and  blue,  is 
an  erroneous  one.  Thomas  Young  -  -  -  assumes  that  there  are 
three  kinds  of  nerve  fibers  sensible  to  red,  green,  and  violet.  Objective 
bomogenons  light  excites  all  three;  but  with  red  the  first  is  excited 
strongly,  the  second  and  third  weakly;  with  blue,  the  second  and  third 
moderately  strong,  the  first  weakly;  with  violet,  finally,  the  thi«l 
strongly,  and  the  first  and  second  weakly.  If  all  three  kinde  of  nerve 
fibers  are  equally  strongly  excited  the  impression  of  white  lit;ht  will 
take  place." 

This  theory  in  accordance  with  which  Dr.  Stolze  tried  to  devise  a 
theoretical  solutiou  of  the  problem  is  only  partly  correct,  measurementa 
by  Clerk  Maxwell  and  others  having  shown  that  the  red  sensation  is 
neither  affected  by  blue-green,  blue,  or  violet  rays,  nor  the  blue  (vio- 
let) sensation  by  red,  orange,  or  yellow  rays,  nor  the  green  sensation 
by  red  or  violet  rays.  Neither  is  it  the  red  rays  that  chiefly  excite  the 
red  sensation,  nor  the  violet  rays  that  chiefiy  excite  the  blue  (violet) 
sensation. 
.  As  a  result  of  elaborate  calculations,  which,  it  must  be  said,  could 
just  as  well  have  been  made  without  any  reference  to  Young's  theory 
of  color.  Dr.  8tolze  came  t«  the  conclusion  that  if  thi-ee  suitable  8ele4!- 
tive  color  screens  were  used  in  connection  with  color  sensitive  plates 
three  negatives  of  the  spectrum  might  be  obtained,  from  which  prints 
in  cyan  blue,  carmine,  and  yellow,  if  superposeil,  wonid  reproduce  tbe 
color  eftect  of  the  spectrum.  He  did  not  show  how  to  make  selective 
color  screens  calculated  to  secure  the  right  kind  of  negatives  to  carry 
out  this  idea,  nor  state  what  should  be  the  form  of  the  intensity  curves 
in  such  negatives  of  the  spectrum.     He  merely  gave  a  table,  showing 


-  Bulletin  of  the  Fronch  Pliotugrnpliic  Sociiity,  1X79,  p.  23. 
I  Anlhoitg'i  PhuUtgraphio  ButUlim,  18eti,  pp.  516, 555, 58M,  &1T.  6T». 
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oil  what  parts  or  tUe  spectruni  each  negative  should  fix  color,  and  said: 
"  If  successful  -  -  in  selecting  the  color  screens  in  such  a  man- 
ner that  they  will  let  the  color  paas  through  which  are  called  for  in  this 
table,  one  will  indeed  be  able  to  reprodnce  a  pure  spectrum  in  this 
way."  By  further  calculations  he  was  able  to  show  that  this  plan,  even 
if  snccessAilly  carried  out,  would  not  insure  the  correct  reproduction 
of  mixed  colors.  He  said:  "All  pure  saturated  spectram  colors  will 
also  be  obtained  quite  satisfactorily  in  the  reproduction,  hut  the  uiised 
ones  only  partly."  "Oftentimes  they  have  to  become  more  or  less 
impure."  ^'  But  the  clearest  lights  and  a  number  of  mixed  colors 
appear  very  unsatisfactory."  He  added:  "The  intelligent  support  of 
the  artist  can  lend  improvement,"  and  recommended  also  the  produc- 
tion of  a  fourth  (ordinary)  negative,  to  he  used  in  combination  with 
the  others,  to  modify  the  effect,  esi>ecially  in  high  lights. 

This  plan  can  not  be  said  to  definitely  represent  the  application  of 
Voung's  theory  of  color,  but  it  may  be  practically  better  than  any- 
thing that  that  theory  would  indicate  if  we  leave  out  of  account  the 
suggestion  of  a  fourth  negative. 

Ill  1885,  Dr.  Vogel  publisbedaplan,which  is  a  modification  of  Poir^e's.* 
Like  Poir^e,  lie  jwopoaed  to  make  a  separate  negative  for  each  spectrum 
region ;  but,  instead  of  using  plates  sensitive  to  all  colors  and  exposing 
through  selective  color  screens,  or  illuminating  the  subject  by  mono- 
chromatic lights,  Vogel  proposed  to  sensitise  plates  specially  for  each 
spectrum  region,  which  would  amount  to  the  same  thing,  and  instead 
of  pi-ojecting  the  pictures  with  colored  lights,  lie  proposed  to  make  as 
many  pigment  prints  as  negatives,  each  in  a  color  complementary  to 
the  light  which  acted  to  produce  the  respective  negative,  and  to  super- 
pose them  as  in  the  CoUen  method. 

There  are  no  known  dyes  with  which  this  plan  could  be  carried  oat; 
and  even  if  there  were,  it  is,  I  believe,  too  complicated  to  be  practic- 
able. 

In  February,  1888,t  I  demonstrated  a  procedure  based  upon  the 
a.'4Sumi>tion  that  although  there  are  more  than  three  or  live  or  seven 
primary  spet^tnim  colors,  all  of  them — and  in  fact  all  the  colors  pf 
nature— can  be  counterfeited  to  the  eye  by  three  tj-pe  colors  and  mix- 
tures thereof.  This  was  not  a  new  observation,  and  my  plan  did  not 
differ  very  materiully  from  that  of  Dr.  Stolze,  minus  the  complication  of  a 
fourth  negative,  except  that  it  was  more  definite ;  and  instea^l  of  merely 
publishing  it  as  a  suggestion,  I  found  means  to  carry  it  out,  and  made  a 
pra<^ticaI  demonstration  of  it.  I  proved  the  process  by  photographing 
the  spectrum  itself,  employing  com|K>uud  color  screens  carefully 
adjusted  to  secure  definite  intensity  cnrves  in  the  si>ectrum  negatives, 
so  that  they  woulil  make  color  prints  which  counterfeited  the  color 
efl'ect  of  the  si>ectruin  when  snperi>o.sed.    Tiie  ailjustmeut  of  plates 

•  jHnaleu  iler  Fhyfik  (n.  s.).  vol.  KXVii,  p.  130;  I'holograpKic  XnF«,  1K87,  p.  568. 
( Jonmol  0/  thr  Fratiklin  iBililnle,  125,  345. 
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and  Bcreeos  to  eecnre  spectrum  negatives  baring  (iejinite  i«ten»itg  cttrveg, 
which  I  believe  bad  never  before  been  done,  made  all  tlie  difference 
between  an  indefinite  and  un<;ertitin  method  and  one  definite  and  pre- 
cise. 

Promising  results  were  obtained  by  this  procefts,  bnt  I  soon  came  to 
the  conclusion,  already  reached  by  Dr.  Stolze,  that  a  process  might 
re  produ<!e  the  color  effect  of  the  Bpectmin,  and  yet  not  be  capable  of 
re-producing  peifectly  the  compound  colors.  The  solution  of  the  prob- 
lem was  incomplete  until  I  discovered  a  new  principle,  according  to 
which  such  a  procedure  can  be  made  to  re-produce  not  only  the  spectrum, 
but  also  all  the  hues  of  nature. 

This  new  principle,  first  stated  by  me  in  a  communication  to  this 
institution  on  November  21, 1888,*  Ir  that  of  making  sets  of  negatives 
by  the  action  of  light  rays  in  proiwrtion  as  they  excite  primary  color 
sensations,  and  images  or  prints  from  such  negatives  with  colors  that 
represent  primary  color  sensations. 

In  order  to  understand  this  principle,  I  must  explain  that  although 
the  spectrum  is  not  made  up  of  three  kinds  of  color  rays  and  mixtures 
thereof,  the  eye  is  only  capable  of  three  primary  color  sensations,  a  dis- 
tinction of  the  utmost  im])ortance,  for  the  reiison  that  the  spectrum 
rays,  which  most  powerfully  excite  a  primary  color  sensation,  are  not 
the  ones  which  represent  the  character  of  that  sensation.  The  primary 
sensations  are  red,  green,  and  bine  (violet);  but  it  is  not  the  red, 
green,  and  violet  spectium  rays  that  moat  powerfully  excite  these  sen- 
sations. According  to  Clerk  Maxwell,  the  orange  si)ectrnm  rays  excite 
the  red  sen.sation  more  strongly  than  the  brightest  red  rays,  but  also 
excite  the  green  sensation;  the  greenish -yellow  rays  excite  the  green 
sensation  more  strongly  than  the  purest  green  rays,  but  also  excite  the 
red  <^en  sation ;  the  yellow  rays  excite  the  red  sensation  as  intensely  as 
the  brightest  red  rays  and  the  green  sensation  as  intensely  as  the  pur- 
est green  rays. 

The  carrying  out  of  my  new  principle,  according  to  Maxwell's  meas- 
urements, therefore,  involves  the  production  of  one  negative  by  the 
joint  action  of  the  retl,  orange,  yellow,  and  yellow  green  rays,  in  defi- 
nite proportions,  to  represent  the  red  sensation;  one  by  the  joint  action 
of  the  orange,  yellow,  green,  and  gieen-blue  rays,  in  definite  propor- 
tions, to  represent  the  green  sensation ;  and  one  by  the  joint  action  of 
the  blue-green,  blue,  and  violet  rays,  in  definite  proportions,  to  repre- 
sent the  blue  sensation. 

Negatives  of  the  required  character  can  he  made  by  exposing  a  cya- 
nine-stained  gelatine- bromide  plate  through  a  double  screen  of  cbryso- 
idine-orange  and  aniline-yellow  of  suitable  intensity  for  the  red  sensa- 
tion, a  cyaiiine-erythrosine  gelatine-bromide  plate  through  a  screen  of 
aniline-yellow  of  suitable  intensity  for  the  green  sensation,  and  an  ordi- 
nary gelatine- bromide  plate  through  a  double  screen  of  crysophenine- 

'  Jnui-nal  of  the  Fraskiin  IntUlHle,  JnBuarj-,  J8B9.  ^.  itltWlC 
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yellow  and  K  It  inetbyl  violet  for  tbe  blue  sensation.  The  plales  and 
screens  are  correct  when  they  will  secure  negatives  of  the  spectrum 
sliowing  intensity  curves  substantially  like  tlie  curves  in  Maxwell's 
diagram.  The  negatives  can  also  be  made  on  certain  makes  of  ordinary 
commercial  gelatine  bromide  plates  of  tbe  most  rapid  kind,  by  the  use 
of  quite  diflereiit  color  screens  for  the  first  two,  but  only  with  expos- 
ures of  from  five  to  fifteen  minutes  on  well-lighted  landscapes,  aperture 
of  objective, /-12. 

In  photographing  objects  in  a  changing  light — laudxcapes,  for 
instance, — it  is  important  that  the  three  sensitive  plates beexposed simul- 
taneously; and  inorder  to  accomplish  this,  I  devise  a  triple  camera,  hay- 
ing three  lenses  so  arranged  in  C4>nnectiori  with  reflectors  as  to  bring  all 
the  points  of  view  within  a  one-inch  circle.  With  this  camera,  the  pro- 
duction of  sets  of  negatives  of  the  required  character  is  a  simple  and 
easy  matter,  it  bein^  only  necessary  to  iiiseit  the  plates,  raise  the  flap 
until  tbe  exposure  is  made,  take  the  plates  out  again,  and,  when  con- 
venient, to  develop  them  together  in  the  ordinary  way. 

There  are  two  ways  of  making  the  heliocbromic  pictures  from  these 
negatives.  The  first  method  does  not  produce  a  permanent  picture, 
but  a  sci-een  projection. 

Lantern  slides  made  from  the  heliocbromic  negatives  and  exactly 
reversing  their  light  and  shade  must  also  reproKent  tbe  effect  of  the 
object  upon  the  respective  color  sensations.  One  lantern  positive, 
when  seen  by  transparency  in  red  light,  re-pi-oduces  tbe  efl'ect  of  the 
object  upon  the  primary  red  sensation.  Another,  viewed  iu  tbe  same 
manner  by  green  light,  re-prodiices  the  effect  of  the  olyect  upon  the 
green  sensation.  The  third,  viewed  by  blue-violet  light,  re-produces 
the  effect  upon  tbe  blue  sensation.  Evidently  the  combination  of  these 
three  images  into  one  must  form  a  re-production  of  the  object  as  seen 
by  tbe  eye,  correct  in  form,  color,  and  light,  and  shade.  Such  a  com- 
bination is  effected  by  projecting  the  three  pictures  with  a  triple  optical 
lantern,  so  that  they  exactly  coincide  niMin  tbe  screen.  The  result  is 
what  wo  buve  been  le«l  to  expect. 

We  have  here  a  true  solution  of  the  problem  of  i-e-producing  the 
colors  of  nature  in  a  screen  picture,  dating  from  November,  1888,  Pre- 
vious to  tbe  publication  of  my  new  principle  it  was  assumed  by  Oros, 
Poir^e,  and  others,  that  if  tbe  projection  method  were  emjiloyed  each 
picture  should  be  projected  by  the  same  kind  of  rays  as  those  which 
acted  to  produce  it.  In  my  method,  as  1  have  already  stated,  a  picture 
made  by  tbe  joint  action  of  red,  orange,  yellow,  and  yellow -green  rays, 
but  chiefly  by  orange,  Instead  of  being  projected  by  a  similar  mixture 
of  spectrum  rays,  is  projected  by  red  rays  only.  Similarly,  the  picture 
made  by  orange,  yellow,  green,  and  green-blue  rays  is  projected  by 
green  rays  only,  and  that  made  by  bluegreen,  blue,  and  violet  rays, 
by  blue-violet  rays  oidy. 

Dr.  Stolze,  who  was  one  of  the  first  to  recognize  the  gennineness  of 
this  solution  of  the  problem,  doubted  if,  even  iu  theory,  color  printa 
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from  tbe  same  kind  of  negatives  could  be  ina^le  to  furnish  buvIi  a  per- 
fect solution,  A  year  ago  I  alao  believed  that  there  were  theoretical 
difficulties  iu  the  way  of  realizing  a  perfect  process  with  color  prints. 
Only  recently  have  I  sucvcetled  in  showing  what  relation  the  colors  of 
the  prints  must  bear  to  the  colors  of  )ight  used  in  projection,  in  order 
to  perform  exactly  the  same  function  and,  under  like  conditions  of  illu- 
minatioD,  secure  equally  i>erfect  fulfillment  of  theoretical  requireuients. 

In  the  projecting  method,  we  build  up  the  luminous  image  by  atlding 
light  to  light.  White  light  is  prwluced  by  the  mixture  of  the  three 
colored  lights  used  for  projection,  and  black  by  their  suppressiou 
Bat  when  we  carry  out  the  proeeas  to  produce  [lermanent  pictures,  the 
piiper  which  may  form  the  basis  of  the  picture  is  itself  white,  and  it  is 
the  shadows  that  are  built  up  hy  the  superposition  of  color  prints. 

Nevertheless,  the  color  print  has  exactly  the  same  function  to  perform 
as  the  lantern  |)ositive,  t.  e.,  to  absorb  and  suppress  by  its  shading, 
light  affecting  one  primary  color  sensation.  If  we  remove  our  three 
positives  from  the  lantern,  the  scn^n  is  evenly  illuminatetl  with  white 
light.  If  ne  then  replace  the  one  representing  the  green  sensation,  its 
shadows  will  absorb  the  green  light  with  the  result  that  the  screen  bears 
a  picture  in  the  complementary  color,  pink,  on  a  white  ground,  in  the 
color-print  met ho4l  wecomnieneewith  a  white  snrfat-e  which  corresponds 
to  the  fully  illuminated  screen,  and  the  shadows  of  the  color  print  repre- 
senting the  green  sensation,  when  laid  upon  this  surface,  absorb  the 
same  kind  of  rays  as  the  shadows  of  the  positive  in  the  lantern,  and 
with  the  same  result,  a  pink  monochrome  picture  on  a  white  ground. 
Superjiosing  the  other  two  color  prints  upon  the  first  one  on  paper  is 
like  inserting  the  other  two  positives  in  the  lantern.  This  cxi)1ains  why 
the  primary  sensaticms  are  representeil  by  prints  having  shades  of  the 
complementary  (absorbing)  color.  It  is  the  lights  and  not  the  shades 
of  the  color  prints  tliat  represent  the  effect  upon  the  resiM;ctive  primary 
color  sensation.  It  is  only  net^essary  to  use  dyes  that  completely  absorb 
red  light  but  neither  green  nor  blue-violet  for  the  print  representing 
the  red  sensation,  green  but  neither  red  nor  blue-violet  for  the  green 
sensation,  blue-violet  but  neither  red  nor  green  tor  the  blue  sensation,  in 
order  to  obtain  from  my  negatives  a  color  print  heliochrome  that  exa«rtly 
fulfills  all  theoretical  retjuirements,  provided  that  it  be  examined  in  the 
same  kind  of  white  light  that  we  obtain  in  the  s»Teen  projections  by 
mixing  red,  green,  and  blue-violet  rays.  The  dyea  mentioned  by  me  in 
luy  paper  of  November  21, 1888  (Prussian  blue,  aniline- umgenta,  and 
aniline-yellow),  fulfill  this  requirement,  and  color-print  heliochntmes 
made  therewith  according  to  my  instructions  must  therefore  re-pi-oduce 
all  the  colors  of  nature  under  the  conditlousof  illumination  Just  stated. 

In  order  to  obtain  wdors  that  would  appear  of  exactly  the  right  kind 
and  shade  in  ordinary  white  light,  it  would  be  necessary  to  use  dyes 
em-h  of  which  completely  absorbed  all  light  all'ectiug  the  color  sensa- 
tion which  it  represented,  but  no  other.  The  colors  would  then  be 
correct  in  ordinary  white  light,  but  would  appear  too  dark,  relatively, 
ail  oa 11 
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to  the  wliite  grouod.  Id  order  to  obtaio  colors  tbat  would  appear 
brighter  ia  ordiuary  white  liglit,  dyes  may  be  use*!  which  completely 
absorb  only  rays  that  excite  chiefly  single  primary  seoHations  aiid  other 
rays  in  due  proportion.  The  dyes  proi>osed  by  me  also  fulfil  thU 
reqturement,  so  that  even  in  ordinary  white  light  the  degradation  of  a 
color  \a  insiguificant  except  in  the  greens,  where  it  is  noticeable. 

I  have  seen  some  of  the  results  produced  by  the  older  process  of 
coniposit«  helichromy,  and  others  who  have  also  seen  them  will  I  am 
sure  bear  me  ont  when  I  say  that  the  colors  have  invariably  been 
not  only  untrae,  but  either  very  tlull  or  else  flat  and  patchy  and  want- 
ing in  the  delicate  details  and  gradations  of  light  and  shade  which 
characterize  good  monochrome  photographs.  All  that  showed  bright 
colors  resembled  nothing  so  much  as  cheap  chromos.  In  the  comjKi- 
site  heliochromea  by  my  process,  which  I  sliow  t4)-night,  the  colors 
are,  as  you  can  see,  as  perfect  in  detail  and  gradation  as  the  mono- 
chrome shades  of  an  ordinary  photograph.     -     -     - 

In  photochromy  it  is  only  necessary  for  the  photographer  to  make  one 
negative  of  the  object  to  be  re-produced,  and  this  negative  contains  a 
register  of  form  and  light  and  shade  only.  Composite  heliochromy  can 
not  be  carried  out  witli  less  than  three  negatives,  which  must  contain 
a  register  not  only  of  form  and  light  and  shade,  bnt  of  color  also.  In 
photochromy  an  artist  is  employed  to  regulate  the  distribution  of  col- 
ors, according  to  his  taste  or  Judgment^  in  comjiosite  heliochromy  it  is 
the  light  itself  which  regulates  their  distribution  and  combination, 
automatically,  according  to  flxcd  and  true  scientific  principles.  Photo- 
chromy is  an  art;  composite  heliochromy  a  science.     -     -     - 

In  conclusion  I  will  say  that  in  order  to  carry  ont  the  process  in 
strict  accordance  with  the  theoretical  re(|uirements,  means  must  be 
employed  not  only  to  secure  three  negatives  and  three  prints,  each  of 
which  is  correct  by  itself,  bnt  each  must  bear  also  a  certain  definite 
relation  to  the  others.  A  very  little  over  or  underexposure  of  any 
one  color  print,  or  a  very  little  too  much  or  too  little  of  the  color  stuff 
in  the  film,  will  change  the  shade  of  delicate  colors.  Fortunately, 
there  is  a  simple  optical  test  by  which  such  a  defect  can  be  detected 
without  reference  to,  or  knowledge  of,  the  colors  of  the  object  photo- 
graphed; but  at  present  it  is  difficult  to  secure  such  harmony  of  imrts 
when  but  httle  time  can  be  spflrt^d  to  devote  to  the  operation  of  the 
process.  Composite  heliochromy  must  always  remain  a  comparatively 
costly  process  when  carried  out  iu  a  manner  calculated  to  yield  the  finest 
results,  and  can  must  jtrofitably  be  brought  before  the  public  in  the 
form  of  optical  lantern  lectnre  i  11  nst rations,  not  with  the  triple  lao- 
tern,  but  with  transparent  culorpriut  belio-chromes  mounted  as  laq> 
tern  slides. 
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OF  L.  LCMlfeRE.* 


By  Leon  Waknekke. 


About  two  years  ago  Prof.  Lippmann,  of  the  Sorbonne,  at  Paris, 
succeeded  in  producing  photograpbk-ally  a  colored  imsige  of  the  solar 
spectram,  based  on  the  well-known  principle.s  of  interference.  He  used 
for  that  purpose  a  plate  coated  with  an  albumen,  collodion,  or  gelatiu 
sensitive  film.  This  sensitive  film  was  during  exposure  brought  into 
contact  with  metallic  mercury,  the  image  of  the  spectrum  behig  pro- 
jected on  the  film,  tbrougti  its  glass  support.  The  light,  after  penetrat- 
ing throiigh  the  thickness  of  the  film,  was  reflected  back  from  tlie  sur- 
face of  the  mercury,  the  direct  light  waves  encountering  the  waves  of 
reflected  light,  producing  the  phenomenon  of  interference  in  the  thick- 
ness of  the  film.  The  waves  of  light  propagating  in  opposite  direc- 
tions cause  the  vibrations  at  certain  intervals  to  be  neutralizeil,  while 
at  others  they  are  intensified.  ■  If  such  a  plate  could  be  developed, 
fixed,  and  dissected,  we  should  find  it  to  consist  of  strata  of  the  black 
deposit  of  silver,  produced  by  the  developer  in  the  parts  corresponding 
with  the  maximum  of  light  succeedeil  by  transparent  strata,  correspond- 
ing to  the  minimum  of  light,  where  the  developer  had  no  action.  The 
distance  between  the  strata  is  equal  to  half  the  wave  length,  which  is 
600  ten -thousandths  of  a  millimeter  for  red  light,  583  for  orange,  K>1 
for  yellow,  475  for  blue,  and  423  for  violet.  In  a  film  of  jV  millimeter 
thickness  there  wilt  be  about  200  such  strata.  It  is  evident  that  on 
examining  such  a  plate  by  reflected  light  we  should  observe  the  colors, 
because  it  is  formed  of  a  series  of  films  of  the  thickness  requisite  to 
produce  color  sensations. 

Subsequent  experiments  proved  that  by  using  a  gelatin  film,  sensi- 
tised with  a  chromium  salt,  a  similar  result  is  obtaine^i,  the  action  of 
interference  prodncing  strata  of  soluble  and  insoluble  gelatin. 

The  exposure  of  the  plates  produced  by  Lippmann  was  very  long, 
and,  owing  to  the  variation  of  sensitiveness  of  difiereiit  rays  of  the 
spectrum,  necessitate^l  the  masking  of  the  portions  exposed  to  the  more 
actinic  rays  while  the  others  are  exposed.  L.  Lumiere  succeeded  in 
producing  colored  images  in  one  operation,  and  in  last  May,  in  a  puper 
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read  before  the  Paris  Academie  de  Science,  gave  fiill  particulars  of  the 
process,  as  follows: 
To  prepare  the  emulsion  tlie  following  solutions  are  made: 

Paru. 

(  Distilled  wAter 400 

i  Gelatin 20 

J  Distilled  wttt«r 25 

)  Potasaiiim  bromide 2-3 

„  i  Distil  led  water ffi 

i  Silver  nitrate 3 

Oiie-balf  of  A  is  added  to  B  and  tlie  other  half  to  C.  These  two  solu- 
tions are  mixed  by  adding  the  silver  to  the  bromide.  A  snitable 
sensitiser  is  added,  sueli  a.;  cyanine,  methyl  violet,  erythrosine,  etc., 
and  after  filtration  plates  are  coated  on  a  tourniquet  at  a'temperature 
of  40O  C. 

When  the  eniulnion  is  set  the  plate  is  immersed  in  alcohol  for  a  very 
short  time,  and  washed  in  a  continuous  stream  of  water.  The  film 
being  very  thin  the  washing  in  soon  effected.  This  emulsion  should  not 
be  washed  in  bulk,  lest  coarseness  of  the  particles  of  silver  produeeil 
by  re-heating  results,  and  in  order  to  leave  the  films  as  transparent  as 
possible ;  for  the  same  reason  an  excess  of  bromide  is  to  be  avoided. 
The  plates  are  dried,  and  just  before  use  are  immersed  for  2  minutes  in : 

Water tW 


Acetic  Bciil - - I 

This  bath  helps  to  produce  brilliancy  of  the  image,  and  to  increase 
the  sensitiveness.  But  the  plates  cannot  then  be  kept  long,  because 
the  sensitive  surface  soon  deteriorates.  When  the  plate  isdry,  itis 
reatly  for  exposure  d  la  Ltppmann,  viz,  with  a  reflecting  stirface  next  to 
the  film. 

For  the  developer  the  following  solutions  are  made: 

Part*. 
Sol.  1 10 

Sol.  ir 15 

Sol.III 5 

Water 70 


I)  "'''*'   

<  Pyrogalllc  acid.. 


<  PotiisHinlu  brumiile 

,.,  (,  Ammonia  D. 

i  0-960  diluted  t.)  18^ 

The  degr<;e  of  concentration  of  the  ammonia  has  a  great  influence  on 
the  result,  even  a  slight  alteration  destroying  the  brilliancy  of  the 
wlors.  For  fixing,  the  plate  after  washing  is  immersed  for  from  10  to 
15  se<;onds  in  a  5  i>er  cent,  solution  of  jMitassium  cyanide,  waslied  and 
dried. 

In  order  to  lessen  the  action  of  tlie  ultra-violet,  violet,  and  blue 
rays,  a  parallel  faced  bath  of  Victoria  yellow,  uranin  or  primuline  is 
nsed  in  the  camera. 
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By  C.  V.  Boys,  F.  R.  S. 


When  I  was  hoiioreil  by  the  invitatiati  to  deliver  tbis  lecture  I  felt 
Moiiiu  doubt  as  to  iny  ability  to  find  a  subject  which  should  be  suitable, 
for  there  is  a  prevailing  idea  that,  iu  addressing  the  operati\e  classes, 
it  is  necessary  to  speak  only  of  some  practical  subject  which  bears 
immediately  upon  the  most  important  industry  of  tin;  place  in  which 
the  lectuiv  i^  being  delivered;  but  it  seems  to  me  that  this  is  a  )>olite 
suggestion  that  the  audience  are  unable  to  be  interested  by  any  subject 
except  that  particular  one  which  occupies  them  daily.  Now,  thcmgh  I 
am  a  comparative  stranger  in  Scotland,  1  have  beard  quite  enough  and 
I  know  quite  enough,  of  the  superiority  of  the  education  of  you,  who 
have  the  good  fortune  to  live  in  this  the  most  beautiful  half  of  Great 
Britain,  to  be  aware  that,  as  is  the  case  with  all  highly- educateil  men, 
you  are  able  to  take  a  keen  and  genuine  interest  in  many  subjects,  and 
that  I  had  better  choose  one  to  which  I  have  ^peclaDy  devoted  niyseli; 
if  I  do  not  wish  to  expose  myself  to  the  risk  of  being  corrected.  I 
will  ask  you  therefore  in  iuiagiuation,  to  leave  your  daily  occupation 
and  come  with  me  into  the  physical  laboratory,  where,  by  the  exercise 
of  the  art  of  the  experimentalist,  problems  which  might  seem  to  be 
impossible  are  continually  being  solved,  I  wish  as  an  experimeutalist 
to  present  to  you  an  example  of  experimental  inquiry. 

Let  us  suppose  that  for  some  reason  we  wish  to  examine  caiefidly  and 
accurately  some  niDVing  object  travelling,  if  you  will,  at  ho  great  a 
speed  tbat,  observed  in  the  ordinary  way,  it  api>ears  as  a  mere  blur,  or 
perhaps  at  a  speed  so  tremendous  that  it  can  not  be  seen  at  all.  lu 
such  a  case,  in  order  to  get  a  clear  view  of  the  moving  body  we  may 
either  look  through  an  aperture  which  is  only  opened  for  a  moment  as 
the  body  passes  by,  or  we  may  suddenly  illuminate  the  object  by  a 
flash  of  light  when  it  is  in  a  position  in  which  it  may  be  seen.  If  in 
either  of  these  cases  the  hole  is  oi>en,  or  the  illumination  lasts  so  short 
a  time  that  the  object  has  no  time  to  move  appreciably  while  it  is  in 
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this  way  brought  iuto  view,  we  get  what  may  in  ordinary  lauguage  be 
called  an  iostantaiieous  imprnssioD  and  tbe  object  appears  clear,  sharp, 
and  at  rest.  In  the  same  way  if  we  wish,  with  the  object  of  obtaluiug 
a  permanent  record,  to  photograph  a  moving  body  wo  must  either  allow 
the  eye  of  tbe  camera  to  see  through  a  hole  for  a  moment,  t.  e.,  wo  must 
use  a  rapid  shutter — and  many  such  are  well  known — or  we  must,  keep- 
ing tbe  photographic  plat«  exposed  and  tbe  object  in  the  dark,  make  a 
flush  of  liglit  at  the  right  time.  As  before,  if  the  shutter  is  open  or  the 
flash  lasts  so  short  a  time  that  the  object  can  not  move  appreciably  in 
the  time,  then,  if  any  impression  is  left  at  all,  it  will  be  sharp,  clear,  and 
the  same  as  if  the  body  were  at  rest.  Tbe  first  method,  that  of  the 
shutter,  I  do  not  intend  to  speak  about  to-night,  but  as,  owing  to  the 
kindness  of  Mr.  F.  J.  Smith,  I  have  with  uie  the  most  beautiful  example 
that  I  have  seen  of  what  can  be  done  by  this  method,  I  thought  per- 
haps I  shonld  do  well  to  show  it.  Mr.  Smith  was  in  an  espress  train 
itear  Taunton,  travelling  at  forty  miles  an  hour,  and  when  xnother 
express  was  coming  up  in  tbe  opposite  direction  at  sixty  miles  an  hour, 
i.  e.,  approaching  him  at  one  hundred  miles  an  hour,  he  aimed  his 
camera  at  it  and  let  a  shutter  of  his  own  construction  open  and  shut  so 
quickly  that  the  approaching  train  was  photograplied  sharply.  There 
is  a  speciitl  interest  about  tliis  photograph;  it  shows  one  of  the  now 
extinct  broad-gauge  engines  on  the  road.  However,  this  is  an  example 
of  the  method  which  we  shall  not  consider  this  evening.*  For  our  pur- 
pose we  require  what  is  called  instantaneous  illumination — a  flash  of 
light.  It  is  of  course  obvious  that  it  depends  entirely  upou  the  s|iee(I 
of  the  object  and  the  sharpness  required,  whether  any  particular  flash 
is  instantaneous  enough.  No  flash  is  absolutely  iustautaneoua,  tbougli 
some  may  last  a  very  suort  time. 

For  instance,  a  flasli  of  burning  magnesium  [wwder  lasts  so  short  a 
time  that  it  may  be  used  for  the  purpose  of  portraiture,  and  while  it 
lasts  even  the  eye  itself  has  no  time  to  change.  I'l.  Ii,  fig.  1,  represents 
a  photograph  of  the  eye  of  Mr.  Colebrook  after  he  had  been  some  minutes 
in  a  dark  room,  taken  by  the  magnesium  flanh ;  tbe  sameeye  taken  in  day- 
tight  appears  in  PI.  Ii,  fig.  2.  The  pupil  is  seen  fully  dilated  and  the 
eyelid  has  not  had  time  to  come  down,  and  so  we  might  reasonably  say 
that  the  flash  was  instantaneous;  it  was  for  tbe  pur^wse  practically 
inatautaneons.  Yet  when  1  make  this  large  clock  face,  4  feet  across, 
revolve  at  so  moderate  a  speed  that  the  periphery  is  only  travelling  at 
40  miles  an  hour  and  illumioate  it  by  a  magnesium  flafib  you  see  no 
figures  or  marks  at  alt,  only  a  blur.  Thus  the  magnesium  dash,  which 
for  one  purpose  is  practically  instantaneous,  i^,  tested  in  this  simple 
way,  found  to  last  a  long  time.  Let  me  now,  following  Lord  Uayleigh, 
contrast  the  eflect  of  the  magnesium  flash  with  that  of  a  [wwerful  electric 
spark.     At  each  spark  the  clock  face  appears  brilliantly  illumiuat«d 

'IbAve  heard  that  a  caution  ball  lian  been  |ihotugriiplied  by  nieauH  uf  a  rapid 
Bbuttet,  but  1  have  uo  direct  iiifoiuiatiou  ou  tbe  subject. 
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tukd  absolntel;  at  rest  and  clear,  and  if  it  were  not  that  I  couhl  at  once 
illumioatditbyordinaiyligbtitwooldbedifficnlt  to  believe  tbat  itwaa 
attll  in  motion. 

The  electric  spark  has  becu  often  used  to  produce  a  tla«b  by  mcaim 
of  which  phenomeua  have  been  observeil  which  we  ordinarily  cun  not 
see.  For  instance,  Hr,  Worthington  ban  iu  this  way  Kec-n  and  drawn 
the  exact  form  of  the  splash  produced  by  a  falling  drop  of  liquid. 

Mr.  Chichester  Bell,  Lonl  Eayleigh,  Mr.  F.J.  Smith,  and  others  have 
used  the  illnmiDation  produced  by  an  electric  Hi>ark  to  phutugrapb 
phenomena  which  they  were  investigating.  I  am  able  to  show  one  of 
Lord  Raj'leigh's,  a  breaking  Kuap  bubble,  in  which  the  retreating 
edge,  travelliDg  ecimetbiag  like  30  miles  au  boor,  in  Meen  with  all  the 
accuracy  and  sharpness  that  is  |Missible  with  a  tttationar)'  ohjeirL  Mr. 
F.  J.  Smitli  has  extended  tbe  uiw  of  «{tarkii  fi>r  the  purpose  of  physi- 
ological inqairy,  taking  a  row  of  photographs  on  a  moving  plate  at 
inter\'als  that  cau  Ite  arranged  to  Kuit  tbe  Kubject,  and  »•  thus  putting 
in  tbe  bands  of  tbe  mucb-<ibuNecl  eijieriaieiital  phyNMilogint  a  ver>'  |Mtw. 
erfnl  weapon  of  research.  I  had  ho[Mnl  to  kIw>w  one  of  lhe«>e  iieri«^H  uf 
an  ODtechuical  character,  to  wit.  a  i>«he«  taken  of  a  cat  Ivld  by  itx  four 
le^in  an  inverted  piiMliou  and  allowt^  to  drop.  The  i-jit,  a«  every 
one  is  aware,  seeniH  to  do  that  which  in  kuo«u  to  be  dyuajui'silly 
imposiiible,  namely,  on  being  dn«p[«ed  ajtKwle  down  to  turn  fMud  after 
being  let  go  and  to  «Mmc  down  the  ri;;lit  way  np.  T1i«  pro'-est  t-Mi  <«e 
followed  by  meamc  trf"  'me  of  Mr.  Smitb's  multiple  »puif  pb'i'f^r^tplift. 
Howevea-.  liis  «•!<  do  if  4  »-**-m  Ui  like  the  eijienuM-m*,  and  be  fa«ft  lu 
conaeqiience had  m  mu'b  tionl«l*-  with  ^\^*^ul  tb:a  hie  rr^jJiA.  wiL..ie 
they  are  of  inter**!,  are  ifA.  nji  u>  iW  pre^iit.  nattuhUr  fta  eii-/>J!»>-J. 

Let  ne  now  return  Ut  *^u-^\*-  -.j.aik  pb'/i'.graj'lj't  tt'*;havei«M<  1U»I 
the  magoe^iaiB  fla-h.  wiji-h  i'jn  tti*- j'urjf^f^-of  j'OJ'tmjiute  J*  yi-W^i-^.r 
instantasevoa.  yei  fail-  n.  «]»i»w»i  m  »  Iimj  •«  uw^i'Tiae  n  ti^t*A  a»  4* 
Biks  aa  bow  mtd  ii.<ii«j  »  Jar  J'i»*t  »:|»ih>J  i'  u«*d  i'l  li»t-  pu;V(w*  -4 
CKamiuiu^it.  In  anvil:'  ::  'if  tb*-  i(ij<3  ina*-  jn  li."  '^a•*  <A  \-j>r  *^j^t--^ 
8|Hut;  Wii:ti>e  »^ouk.  ''y  »Li'b  w  «i*  ^b*-  'I'-k  !»<»•  a>-'(.>  .r 
Khaip.  after  all  Ui]  V.  rirt-  a  -.'tanj  vU-w  wi.<-ii  lAwiz-J  yy  a  n.  i.-i  i-ru« 
Sfieed!  I  kave  Utt-ii  *'-'!!  a  ^J<i^'k  a:.d  aiu-uj-v-J  :ii«;xi.  1  t.'--^ 
what  ti»e  remiJt  »ouid  't^  '.'•  |-'j'rt/T-a;.lj  '7  t*  J  rm  *"*-  •■■<■■-•<  ■-«'  » 
magaziue  rifle  jMi**. --s  v>  »t  liurr-u- ..f  ta'-'-vi  ^.:''"  i**^  *  *^- •  <~  r. 
what  ieti»e»MUtH.:;.i.  W  »'wuT  l.t^C  n  .^  ai.  n-n; :  -„i,^  r*^*!.-:  ■-•-:.- 
«g..5|  dK^*-»wl  a  .■;-*)-  t.;ta-i.  ■.:  .K-  -j:  i  »  ■•  i-;  iw  Kia-t  jtw.-'-l  ••. 
longalMueTiiMt  IL.^  •.■.'."!  vb-j^tui.' >  i-.i»- v.  vmn  ni- '  w -.■ri  >- 
to  while  li»e  aiummii- 1  a  ia-.^>ii  7li.»  »'  wifc.TLi.:  ;'  »twi^i  '.■  *:-i  n 
ine  fa»Il*aK.  **c_  !ii  ui-T!  t  ri'-J'':  '"w^--'  K;.t;'i  wJ.  i>  t  it«-"i" -' 
do.  W*  «d>a£  iitiv*-  V.  t--!  k  --iih- 1.  V  I  ,■  I  B  I  «  ;t  r'^  -i.'u.ii  :  n'  '- 
>e»<«lili»e>4««*>'i1  ii.--!' ••■•■■■'■- "'■■»•*    ■I'-l  *"">    •■    "" '"    :"   '•'   "'^" 
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A  knowledge  of  electrical  principles  enables  one  U)  modify  tbe  elec- 
trical apparatus  employed  to  make  tliia  spark  in  sucli  a  manner  that  its 
duration  may  be  greatly  rwluced  without,attlie  same  time;  a  very  great 
sacrifice  of  light ;  bnt  while  this  maybe  done  it  is  important  to  be  able  to 
observe  how  long  the  s|)ark  actually  lasts  when  made  by  apparatus 
altered  little  by  little  in  the  proper  manner.  The  desired  information 
is  at  once  given  by  the  revolving  mirror.  For  instance,  every  one  is 
aware  how,  by  the  turn  of  the  wrist,  one  may  reflect  a  beam  of  sunlight 
from  a  piece  of  looking  glass  so  as  to  travel  up  the  street  at  a  most  tre- 
mendous velocity ;  bnt  suppose  that,  instead  of  being  moved  by  a  mere 
turn  of  the  wrist,  the  mirror  is  made  to  rotate  on  an  axle  by  meclianicid 
means  at  an  enonnous  speed;  then,  just  as  the  rotation  is  more  rapid, 
so  will  the  beam  of  light  travel  at  a  higher  8£M?ed.  In  the  particular 
case  that  I  am  now  going  to  bring  betbre  your  notice,  a  small  mirror  of 
liai-dened  steel  was  made  by  Mr.  Colebrook,  the  mechanical  assistant 
in  the  physical  laboratory  at  South  Kensingtnn,  mounted  so  beautifully 
that  it  would  run  at  the  enormous  speed  of  1,000  turns  a  second  (not 
1,000  a  minute)  without  giving  any  trouble.  The  light  from  tbe  spark 
was  focused  by  the  mirror  u|>on  the  photographic  plate.  Now,  if  the 
light  were  really  instantaneous,  the  image  would  lie  as  clear  and  sharp 
as  if  the  mirror  were  at  rest;  if,  ou  the  other  hand,  it  lasted  long  enough 
for  the  image  to  be  carried  an  appreciable  distance,  then  the  photo- 
graph would  show  a  hand  of  light  drawn  out  to  this  distance.  The 
mirror  is  now  ytla^-ed  on  the  front  of  the  platform,  and  a  beam  of  electric 
light  is  focused  by  it  upon  the  screen,  from  which  it  is  distant  about 
20  feet.  Now  that  I  turn  the  mirror  slowly  you  see  the  spot  of  light 
drawn  out  into  a  band  reaching  across  the  screen,  and  this  is  described 
over  and  over  again  as  the  niirn>r  revolves.  Let  us  suppose  that  the 
mirror  is  revolving  once  a  second,  then  it  is  easy  to  show  that  the  spot 
of  light  is  travelling  at  about  250  feet  a  second.  It  is  not  difficult,  there- 
fore, to  see  that  if  the  mirror  is  revolving  1,000  times  as  fust  the  spot 
of  light  will  traverse  the  screen  1,000  times  as  fast  also,  i.  e.,  about 
250,000  feet  a  second,  or  lfiO,000  miles  au  hour,  a  speed  which  is  200 
times  as  great  as  that  of  a  Martini  Henry  bullet,  while  such  a  bullet 
only  travels  14  times  as  fjist  as  an  express  train.  You  will  see,  then, 
that  it  is  not  difficult  t^>  observe  how  long  a  spark  lasts  when  its  image 
can  be  whirled  along  at  such  a  speed  aa  this.  I  have  now  started  the 
Qle<'tromotor,  and  the  mirror  is  turnnig  more  and  more  rapidly.  Now 
it  gives  a  musical  note  of  the  same  pitch  as  that  given  by  the  tuning 
fork  lam  bowing;  it  is  therefore  turning  51 2  times  a  se<;oiid.  Itisnow 
giving  a  higher  note,  i.  e.,  it  is  turuiiig  faster  aud  faster,  until  at  last  it 
gives  the  octave,  at  which  time  it  is  turning  1,028  turns  a  second.  The 
band  of  light  on  the  screen  is  produced  by  a  spot  now  travelling  at  a 
still  higher  speed  than  that  which  J  have  just  mentioned. 

I  had  hoped  to  have  shown  with  this  apparatus  the  actual  experi- 
meut  of  drawing  out  the  apparently  iustantaueous  flash  of  an  electric 
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Bjiark  into  a  band  of  light,  but  I  found  that  while  it  wiis  easy  to  sUow 
the  experiment  in  a  small  room,  the  amount  of  light  was  not  siiffieieut 
to  be  Keen  in  a  ereat  room  like  tliis.  1  must  therefore  be  oontent  to 
show  one  or  two  of  the  photographs  which  were  taken  lately  in  the 
pliyaical  laboratory  at  South  Keiiaingtou  by  two  of  the  students,  Mr. 
Edser  and  Mr,  Stiui^field,  whom  I  now  take  the  opportunity  of  thank- 
ing. The  next  slide  shows  the  drawn-out  band  of  a  partii-nlar  spark 
made  between  magnesium  terminals  by  the  discharge  of  a  eoDdenner 
of  2i  square  feet  of  window-glasH,  the  8|iark  being  J  inch  long.  Below 
the  drawn-out  band  I  have  drawn  a  scale  of  millionths  of  a  second. 
If  the  spark  had  been  iastantaneons  it  would  have  appeared  as  a  line 
verticil]  line.  This  line  however  has  been  drawn  sideways  to  an  extent 
depending  on  the  duration  of  the  spark.  The  spark,  except  at  the 
ends,  is  extinct  in  rather  less  than  one  millionth  of  a  second,  but  the 
ends  remain  alight  like  two  stars,  being  drawn  out  in  eonseijuence  into 
two  lines,  which  have  lasted,  as  me-asure<l  by  the  scale,  as  long  as  six 
or  seven  millionths  of  a  second.  Such  a  light  is,  therefore,  seen  to  last 
when  tested  with  thi^s  very  powerful  instrun)ent  so  long  that  it  seems 
absurd  to  call  it  iustautaueous.  It  lasts  too  long  for  the  purpose  of 
bullet  photography.  In  order  to  get  sparks  of  shorUir  duration  it  is 
necessary  to  abolish  the  metal  magnesium,  in  spite  of  the  brilliant 
photographic  effect  of  the  two  ends  of  the  spark  betwexin  knobs  of  this 
material;  it  is  well  to  avoid  all  easily  volatile  metals,  such  as  brass, 
because  of  tlie  zinc  that  it  contains,  and  instead  to  employ  beads  of 
copper  or  of  platinum.  In  the  second  place,  the  duration  of  the  spark 
proper,  which  in  the  last  case  was  nearly  a  millionth  of  a  second,  can 
be  reduced  by  (1)  reducing  the  size  of  the  condenser,  but  one  must  not 
go  too  far,  as  the  light  is  reduced  also;  (2)  by  replwing  any  wire 
through  which  the  discliarge  may  have  taken  place  by  broad  hands  of 
co[>iier  as  short  as  possible;  this  has  the  further  advantage  of  increas- 
ing the  light;  and  (3)  the  light  maybe  increased  without  much  change 
being  made  in  the  duration  by  making  a  second  gap  in  the  discharge 
circuit,  the  spark  in  which  however  must  he  hidden  from  the  plate. 
I'l.  II,  fig.  i,  shows  the  trail  of  the  best  spark  for  the  puriiose  of 
bullet  photography  that  I  have  obtained  up  to  the  present.  In  this 
caNe  the  surface  of  the  condenser  is  1  stjuare  foot,  and  the  discharge 
is  taken  through  bands  of  copper  about  2  inches  broad,  and  not  more 
than  about  4  inches  long  apiece.  E.xtm  good  contact  is  made  between 
these  copper  bands  and  the  tin-foil  surface  by  long  radiating  tongues 
of  copper-foil  soldered  to  the  end  of  the  copper  bands.  The  knobs  are 
platinum,  but  this  seems  no  better  than  copiier.  The  whole  of  the  light 
is  extinct  in  less  than  oneinillioDth  of  a  second,  while  the  first  blaze, 
which  is  practically  the  whole  spark  (the  tail  being  in  comparison  of  no 
consequence)  does  not  last  stt  long  as  a  ten-millionth  of  a  second ;  in  other 
words,  it  last  so  short  a  time  that  it  bears  the  same  relation  to  one  second 
that  one  second  bears  to  four  mouths;  or  again,  a  niagaziiie-ritle  bullet, 
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travelling  at  the  euormous  s|)eed  tUat  ia  quw  attained  by  the  use  of  tiiis 
weapon,  can  not  go  more  than  one  four-hundredth  of  an  incli  in  this 
time.  Other  sparks  of  still  less  duration  were  examined,  bat  this  was 
chosen  for  the  purpose  of  photographing  bullets.* 

Now,  having  obtained  asuitahle  flash  of  light,  I  must  next  show  how 
»  spurlc  may  be  ased  for  the  purpose  of  photographing  a  bnllet  in  its 
pusstige.  This  was  first  done  by  Prof.  E.  Mach,f  of  Prague^  whose 
mt-thod  is  illustrated  by  the  diagram,  Fl.  Il,  fig.  5.  The  squares  on  the 
right-hand  siderepresentcertain  electrical  apparatus  by  means  of  which 
a  Leyden  jar  (J)  is  charged  with  elei^tricity  to  such  an  extent  that, 
while  it  is  unable  to  make  two  sparks  at  B  and  A>  it  is  nevertheless 
able  to,  and  at  once  will,  make  a  spark  at  B  when  the  second  gap  at  A 
is  closed  by  a  bnllet  or  other  conductor.  The  dotted  lines  represent 
wires  through  which  the  discbarge  then  takes  place.  The  spark  at  B, 
magniUed  by  the  lens  t  in  front  of  it,  then  fills  the  field  lens  L  with 
light,  so  that  the  camera  K  tbcused  upon  tbe  spark  gap  A  will  then 
le^'eire  an  image  of  the  bnllet  as  it  passes,  and  thus  a  photogrnph  is 
seouriH).  1  am  able  to  show  two  of  these  which  Prof.  Mach  has  kindly 
forwai'ded  to  me,  and  what  I  wish  to  point  out  is  that  in  each  of  the:« 
photograi>hs — and  this  is  perhaps  the  most  interesting  feature  which 
any  i»f  these  exhibit — there  are  seen,  besides  the  bulletand  the  wires 
which  the  bullet  strikes  in  its  jimrney,  certain  curious  shades,  one  in 
advance  of  the  bullet  and  one  from  the  tail,  while  a  trail  is  left  behiud 
very  like  that  seen  in  the  wake  of  a  screw  steamer.  In  fact,  the  whole 
atmo!ipheric  phenomenon  accompanying  the  bullet  is  not  unlike  that 
seen  on  the  surface  of  water  surronnaing  and  behind  a  steamship. 
These  were  seen  for  the  first  lime,  and  their  visibility  by  this  method 
wasfl  bebevei  prwlicted  by  Prof.  Mach  before  he  made  his  first  exjteri 
ment. 

The  part  that  I  have  playeil  in  this  matter  is  after  all  very  subor- 
dinate. 1  have  iittempted  to  simplify  the  meitns,  and  the  results  which 
may  be  obtiiinetl  by  the  miHlilii-d  method  which  I  have  devised,  are,  1 
l»elicve,  in  some  resjH-ct)' — I  don't  say  in  all — clearer  and  more  instmct- 
i\"e  than  those  obiaine^l  by  the  more  ehtborate  device  of  Prof.  Mach. 

PI.  II.  6g.  6.  i»  a  diagram  of  the  ap)utnttns  that  1  have  used.     C  is 

■  Tbt«*  »lK»rks  B.Ti'  m:iil<-  (o  pi  off  at  Ibe  time  that  thif  iiiirr  T  wns  fx-iii^  lowanl 
thf  pbotopnijihio  j'l;"'"  ^y  *'»■  P"U|iloyuiou(  of  ibr  saiup  •Irviiv  ns  llial  (lr««ril>nl 
bfl^w  lu  <-.>iin>^-iu<u  iriih  ti)*.  t.  Ou  ihf  axle  of  thr  n.irmr  aii  in»iilatr<t  Uil  of 
aluniiniiim  n'^.i  •priiml.  gu  .is  ni'.irly  l<i  linili.'i'  a  ftp  iu  tlir  ilisrharge  circuit  of  an 

able.  The  Irii^lh  i>f  tmn'  tlial  the  »|virk  lisirtl  «»*  llius  iue.i»iirr<l  wiiliont  taking 
the  rl«-ln.-ilv  nmii.l  liv  llie  iinm>r,  w  h.vh  wuM  hav  l*,u  .ii.ii^citH.  lenl  I..  Iuo.tif}■ 
^he  tluration  of  thr  ili*bari;tf.  aii.l  It  w.ts  i-asier  lliati  niiLiii::  nuU  a-liu'iiui:  a  srrond 
rvltn-liui:  mim*,  «hi<h  woiiM  liaM-  ausirrwl  tlieMiur  puri"**. 
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a  plate  of  window  glass  with  a  square  foot  of  tiu  foil  on  either  Hide. 
Tbis  caiideuuer  is  charged  uutil  its  poteutial  is  not  sufficient  to  make  a 
sparli  at  each  of  the  giV]>s  £,  and  E',  though  it  would,  if  either  of  these 
wcTe  made  to  conduct,  imiiie<liately  cause  n  spark  to  form  at  tlie  other, 
c  is  a  Lej'den  jar  of  very  small  capacity  connected  with  C  by  wire,  as 
shown  by  the  contiuuous  lines,  and  by  string  wetted  with  a  solution  of 
chloride  of  cakium,  as  shown  by  the  dotted  line.  So  long  a.s  the  gap 
at  B  isot>eu  thi^  little  condeuBer,  which  is  kept  at  the  same  i>oteiitial 
as  the  large  condenser  by  means  of  the  wire  and  wet  string,  is  similarly 
unable  to  make  sparks  both  at  B  and  E',  but  it  could,  if  B  were  closed, 
at  once  discharge  at:  E'.  Now,  suppose  the  bullet  to  Join  the  wires  Ht  B, 
a  minute  spark  is  made  at  B  and  at  B'  by  the  discharge  of  c,  immediately 
C,  linding  one  of  its  gaps  E'  in  a  conducting  state,  discharges  at  E, 
making  a  brilliant  spark,  which  easts  a  shadow  of  the  bullet,  etc.,  upon 
the  phot«grai>hic  plate  P.  Tliougb  this  is  simple  enough,  the  ends 
that  are  gained  by  tbis  contrivance  are  not  so  obvious,  lii  the  tirst 
place  the  discharge  circuit  of  C,  via  E  and  E'  is  made  of  very  short 
broad  bands  of  co])per,  a  form  which  favors  both  the  brilliancy  and  the 
sliortiieRS  of  duration  of  tlie  sparki);  further,  the  double  Ka|>,  of  wliich 
b)' may  be  tbe  longer,  causes  the  intensityof  the  light  of  either  spark  to 
be  greater  than  it  would  bo  if  the  other  one  did  not  exist — in  a  particular 
case  the  light  of  the  shorter  was  increased  si  x  or  eightfold — at  the  same 
time  the  duration  ta  not  greatly  afiected.  For  this  reason  the  spark 
at  R  may  be  made  very  short,  so  that  the  shadow  is  almost  as  sharp 
as  if  the  light  came  from  a  point.  The  spark  formed  at  B,  which  is 
due  to  the  discharge  of  c  only,  is  very  feeble,  so  that  it  is  unable  to  act 
on  the  plate,  whereas,  had  the  discharge  of  C  been  carried  round  by  B, 
the  light  at  this  poiut  would  hopelessly  have  spoilt  the  plate,  and  at 
the  same  time  the  light  at  E  would  have  beeu  feebler  and  would  have 
lasted  longer. 

The  wet  string,  while  it  is  for  the  purpose  of  keeping  the  condenser 
c  charged  a  perfect  conductor,  is  nevertheless,  when  this  discharges  at 
E'  and  B,  practically  a  perfect  insulator;  If  it  were  replaced  by  wire, 
then  C  would  also  wholly  or  partially  discharge  itself  l»y  B  and  E'. 
Finally,  in  avoiding  all  lenses  one  is  free  from  the  considerable  absorp- 
tion of  the  more  refrangible  rays  which  sparks  pi-ovide  in  great  abaa- 
dance,  and  which  are  largely  absorbed  by  glass.  On  the  other  hand,  the 
photograph  is  a  mere  shadow;  but  this  is  no  drawlnick,  for  the  bullet 
itxelf  is  on  either  system  a  mere  silhouette,  whereas  the  atmospheric 
phenomena  are  more  sharply  defined  and  their  character  is  more  clearly 
indicated  withtmt  lenses  than  is  possible  when  they  are  employetl. 

Plate  III  is  a  photograph  of  the  apparatus  set  up  in  one  of  the  pas- 
sages in  th4  Boyal  College  of  Science,  in  which  the  experiments  were 
made.  It  is  apparently  of  the  rudest  possible  construction.  The  ritie 
seen  on  the  left  of  the  figure  is  of  course  made  to  rest  freely  on  six 
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seen  by  the  eye.  Tbe  lios  seen  just  to  the  right  of  the  rifle  with  a  coil 
of  wire  npoii  it  is  the  one  in  which  the  revolving  mirror  was  fixed,  and 
in  which  tbe  trails  of  sparku  made  near  tbe  door  at  the  end  of  the 
passage  were  photographed.  The  apparatus  for  photographiug  the 
bullets  was  put  together  and  set  up  by  Mr.  Barton,  a  stndent,  whose 
very  skillful  help  in  tbe  matter  and  afterwards  during  the  experiments 
I  fonnd  of  very  great  value. 

The  first  photograph  wliich  lam  able  to  show  was  taken  at  Christmas, 
before  the  apparatus  just  described  was  put  together.  It  was  taken  to 
see  if  the  idea  would  practically  succeed,  merely  using  for  the  purpose 
bits  of  wire  and  other  things  to  be  found  in  any  laboratory,  which  were 
set  up  in  a  dark  room  in  less  than  an  hour.  The  first  shot  was  suc- 
cessful, but  the  sharpness  of  the  pbotograjih  is  not  what  it  might  be, 
owiug  to  the  fact  ttiat  I  used,  for  the  sake  of  the  brilliant  light,  a  spark 
taken  between  magnesium  terminals.  However,  the  bullet  is  clearly 
enough  defined,  as  are  the  wires  which  it  has  just  struck.  This  is  a 
photograph  of  a  pistol  bullet  traveling  ouly  750  feet  a  second.  You 
will  notice  that  unlike  that  taken  by  Prof.  Mach,  which  represented  a 
shot  going  at  a  much  higher  speed,  this  photograph  shows  uo  atmos- 
pheric phenomena  surrounding  the  bullet.  1  would  only  add,  in  con- 
nection with  this  photograph,  that  by  some  accident  the  wad  remained 
attached  to  the  bullet  in  this  case  forming  the  enlarged  tail.  I  do  not 
kuuw  if  this  often  happens;  it  must,  if  it  does,  seriously  disturb  the 
flight  of  the  projectile,  and  introduce  an  anomaly  that  might  not  easily 
be  accounted  for. 

The  next  photograph,  PI.  tv,  fig.  1,  shows  a  bullet  which  has  just 
left  a  Martini-Henry  rifle.  This  is  taken  with  the  apparatus  in  its  latest 
form,  and  the  bullet  appears  perfectly  sharp.  There  is  no  sign  of  any 
movement  whatever  in  so  far  as  the  bullet  itself  is  concerned.  But 
now  that  we  are  dealing  with  a  higher  speed,  namely,  1,295  feet  a  sec 
onJ,  there  is  evidence  of  the  movement  of  the  bullet  in  the  form  of  a 
wave  of  compressed  air  in  front  and  of  other  waves  at  the  side  of  and 
behind  the  bullet.  I  shall  explain  this  in  a  moment,  but  1  would  rather 
first  show  another  photograph,  PI.  iv,  fig.  2,  of  a  bullet  travelling  at  a 
still  higher  speed,  a  magazine- rifle  bullet  travelling  about  2,0U(>  feet  a 
second,  in  which  these  air  waves  are  still  more  conspicuous,  and  in 
wbich  a  glance  is  sufficient  to  make  it  evident  that  the  waves  arc  much 
more  inclined  to  the  vertical  than  in  the  previous  case. 

Now,  as  it  may  not  be  evident  why  these  waves  of  air  are  formed, 
why  their  inclination  varies  with  the  speed,  or  why  existing  they  are  vis- 
ible at  all,  a  short  explanation  may  not  be  out  of  place,  more  especially 
OS  they  form  a  most  interesting  feature  in  the  remaining  photograjiho 
that  I  have  to  exhibit,  which  can  not,  as  a  matter  of  fact,  be  pn)peily 
interpreted  without  frequent  reference  to  them. 

X  would  first  ask  you  t^  examine  some  still  water  into  which  a  needle 
lield  vertically  is  allowed  to  dip.    If  you  move  tiie  needle  very  slowly 
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not  a  ripple  is  formed  on  th«  aarface  of  the  water;  bat  as  the  needle  is 
moved  more  quickly  at  first  a  speed  U  readied  jit  wlil  '"-ible  waves 
appear,  and  then  as  the  n[>eed  JDcreattes  aBwallow'-t]>'^I  appears; 

the  angle  between  the  two  tails  become  less  as  thevelucuj  ^.o.  3  higher. 
Now,  in  the  case  of  water  waves  the  velocity  with  which  they  travel 
depends  on  the  distance  between  one  and  the  nest,  and,  for  a  reaMn 
into  which  I  must  not  now  enter,  either  very  long  or  very  short  waves 
travel  more  quickly  than  waves  of  moderate  dimensions.  If  they  are 
about  two- thirds  of  an  inch  long  they  travel  most  slowly — about  9  inches 
a  second.  Kow,  so  long  as  the  needle  is  travelling  less  quickly  than  this, 
DO  dislarbance  is  made;  but  when  this  speed  is  exceeded  the  swallow- 
tail appears.  Suppose,  for  example,  the  velocity  of  the  needle  to  be 
double  the  minimum  wave  velocity  for  water,  t.  e.,  let  the  needle  move 
at  IS  inchesaseoond, and  letitatany  moment  have  arrived  at  the  point 
p,  PI.  V,  fig.  1,  then  any  disturbance,  started  when  it  was  at  the 
point  A,  must  have  travelled  as  far  as  the  circle  doa  in  which  Aa  is  half 
Ap,  similarly  for  any  number  of  points  BC,  etc.,  between  A  andp  any 
disturbance  must  have  travelled  a.t  fitr  as  the  correiipouding  circles  bb, 
cc,  etc.,  the  result  is  that  along  a  pair  of  liiie»,pL,pM,  touching  all  the 
circles  that  could  be  drawn  in  this  way,  a  wave  will  be  found,  and  it  is 
clear  that  as  the  velocity  of  the  point  is  made  greater  the  successive 
radii  Art  Bb,  etc.,  will  become  in  proportion  to  Ap  less,  the  circles  will 
be  smaller,  and  the  angle  between  Lj>  and  Mp  will  become  less,  while 
when  the  velocity  is  made  less  the  reverse  happeoH,  until  at  last  Ad 
Bb,  etc.,  -—  Ap  Bp,  etc.,  and  then  when  they  exceed  these  quantities  no 
lines  Lp  Mp  can  be  drawn  t4>ucbing  all  these  circles,  there  is  no  wave 
surface  which  the  disturbances  from  all  the  successive  points  can  con- 
spire to  produce,  and  the  consequence  is  there  is  still  wati^r. 

Now  consider  the  case  of  a  bullet  moving  through  the  air.  Here 
again  we  are  dealing  with  a  case  in  which  a  wave  can  not  travel  at  less 
than  a  certain  speed  which  is  obviously  the  velocity  of  sound  (1,100 
feet  a  second,  under  ordinary  circumstiinces),  but  as  in  the  case  of  sur- 
face waves  ou  water,  higher  speeds  are  possible  when  tlie  wave  is  one 
of  very  great  intensity.  The  conditions  in  the  two  cases  are  therefore 
very  nearly  parallel;  if  the  bullet  is  travelling  at  less  than  the  mini- 
mum speed  no  waves  should  be  formed;  the  pistol  bullet  at  750  feet  a 
second  did  not  show  any;  if  the  bullet  is  travelling  at  higher  speeds 
than  1.100  feet  a  second  waves  should  be  formed  which  should  include 
a  sharper  angle  as  the  speed  is  made  t^i  increase.  This  was  found  to  be 
so  in  the  case  of  the  Martini-Henry  and  the  magazine-rifle  bullet. 

The  curved  form  of  the  wave  near  the  ajiex  is  due  to  the  fact  that 
when  it  is  very  intense,  when  the  compression  is  very  great,  the  veloc- 
ity of  travel  is  greater  and,  immediately  in  front  of  the  bullet,  the  air 
is  compressed  to  so  great  an  extent  that  the  wave  at  this  part  can 
travel  at  the  speed  of  the  bullet  itself. 

The  reason  why  the  waves  sfeould  be  visible  at  all  ia  uot  difficult  to 
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follow.  Consider  a  shell  of  compressed  air  through  which  rays  of  light 
from  a  point  are  made  to  trayer»e.  These  rays  travel  in  straight  lioes, 
except  where  tliey  meet  a  medium  of  different  density,  and  the  denser 
this  is  and  the  more  nearly  they  meet  this  at  a  grazing  incidence  the 
more  they  will  be  bent  toward  the  peri>endicular.  In  comparison  with 
water  or  glass  a  layer  of  compressed  air  has  very  little  refi-active  power, 
and  so  rays  which  strike  the  shell  anywhere  except  at  the  extreme  edge 
are  pi-actically  anluflnenced  in  tlieir  course  and  strike  the  plate  prac- 
tically in  the  same  place  that  they  would  do  if  the  shell  of  compressed  air 
had  not  been  traversetl.  But  those  rays  a6,  afr,  Pl.v,  fig.  2,  which  strike 
the  shell  of  air  almost  tangentially,  are  bent  inwanls  slightly  at  b  and 
again  at  c,  having  traversed  what  is  equivalent  to  a  wide  angle  prism, 
and  strike  the  plate  at  e,  leaving  the  place  d,  where  they  woultl  have 
gone  had  they  not  been  relVa<-t«d,  dark ;  moreover,  at  e  they  meet  other 
rays  which  have  been  hardly  at  all  refracted  since  they  have  passed 
actually  into  the  shell  and  out  again,  and  therefore  e  is  doubly  illami- 
natcd.  The  consequence  is  that  a  wave  or  shell  of  compressed  air  gives 
rise  to  an  image  on  the  plate,  in  which  there  is  a  dark  line  and  a  light 
line  within  it.  Similarly  a  wave  of  rarefaction  must  produce  a  light 
line  with  a  dark  one  within  it.* 

An  examination  of  the  photograph  (PI.  iv,  fig.  2)  will  make  it  evident 
that  not  only  is  the  head  wave  a  wave  of  compression,  but  the  wave 
which  starts  from  the  end  of  a  kind  of  vena  contracta  behind  the  bullet 
is  also  a  wave  of  compreaaion.  It  is  a  curious  fact  which  requires  ex- 
planation that  the  head  and  tail  waves  are  not  parallel  to  on^  another, 
and  they  do  not  siiow  any  sign  that  they  would  become  parallel  if  they 
were  continued  indefinitely.  This  can  only  be  due  to  either  the  tail  of 
the  bullet  travelling  considerably  faster  than  the  head,  or  to  the  actual 
velocity  of  propagation  of  the  tail  wavebeingless  than  thatof  the  head 
wave  The  effect  observed  is  true  and  is  not  optical,  being  neither  due 
to  the  refractive  eflei^t  of  the  outer  shell  disturbing  rays  which  are 
tangential  to  the  inner  shell,  nor  to  an  effect  of  perspective,  for  though 
the  projectioD  of  a  cone  from  a  point  upon  a  plane  is  only  seen  of  the 
proper  angle  when  the  perpendicular,  dropped  from  the  point  upon 
the  plane,  passes  through  the  vertex  of  the  cone,  yet  when,  as  in  the 
case  of  PI.  VII,  where  it  passes  within  both  cones,  and  more  within  the 
outer  one  than  the  inner  one,  the  effect  is  to  make  the  projections  of 
both  of  a  greater  obtnseness,  and  of  the  oater  one  to  a  greater  extent 
than  the  inner  one;  nevertheless  an  examination  of  the  amount  of  this 
effect  of  nerspective  made  by  Mr.  Barton  showed  that  the  distortion 

'  It  ma;  be  north  wbile  to  point  ont  that  the  <l»rk  and  light  linea  aro — aud  ODjtht 
to  be — parallel  to  one  aoother  as  aoon  aa  ther  are  so  far  away  lh>iu  the  shadow  of 
tho  bullet  ai  to  be  practically  straight  lines.  For  if  tba  thickness  of  tbe  shell  Is 
divided  up  into  a  Herieii  of  elements,  tbe  ray  pasaiog  tbroogh  any  one  of  these  will 
meet  with  a  refractive  mediam  which  li  less  eflectiTe,  as  the  diameter  of  the  part  of 
the  Hbell  considered  in  j>ruatei,  while  the  refractive  angles  of  tbe  elementary  prisQiq 
beoo(n«  iuolioed  more,  eo  aa  to  compeus'tl^  for  the  diminished  (temiitf  i 
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was  not  sufficient  to  be  iiottceAble,  astbedifTerence  in  the  acuteness  of 
the  cones  certainly  is. 

Going  back  now  to  tlie  photographs,  the  m-xt  one  was  taken  with 
the  view  of  illustrating  the  effect  on  the  inclination  of  the  waves  of 
the  velocity  of  the  bullet.  In  this  case  the  bullet  was  aluminum;  it 
was  only  one-seventh  the  weight  of  the  regalation  bullet.  In  conse- 
quence of  its  lightness  it  travelled  about  half  as  fast  again  a.s  the  ordi- 
nary bullet  (not  ^Z,  times  as  fast  as  it  would  hav©  done  if  the  pressure 
of  the  powder  gases  had  been  the  same  in  the  two  caces),  and  in  con- 
sequence of  the  higher  speed  the  inclination  of  the  waves  is  still  greater 
than  in  the  previous  case.  Further,  in  this  case  the  bullet  was  made 
to  pierce  a  piece  of  card  shortly  before  it  was  photographed.  The  lit- 
tle pieces  tliat  were  cut  out  were  driven  forward  at  a  high  s|>eed,  but, 
being  lighter  than  the  bullet,  they  soon  lost  a  large  part  of  their  veloc- 
ity; they  bad  in  consequence  lagged  behind  when  they  were  photo- 
graphed,  but  though  travelling  more  slowly  (tliey  were  still  going  at 
more  than  1,100  feet  a  second)  they  yet  made  each  its  own  air  wave, 
which  became  less  and  le.ss  inclined  as  the  bit!*  lagged  more  and  more 
behind;  each,  moreover,  produced  its  own  trail  of  vortices  like  that 
following  the  bullet.  The  well-known  fact  that  moving  things  tend  to 
take  the  position  of  greatest  resistance,  to  avoid  the  effect  of  which 
the  bullet  has  to  be  made  to  spin,  is  also  illustrated  in  the  photograph. 
The  little  pieces  that  are  large  enough  to  bo  clearly  seen  are  moving 
broadside  on,  and  not  e<lgeways,  as  might  be  expected. 

lu  order  to  illustrate  the  other  fact  that  the  angle  of  the  waves  also 
<lepends  on  the  velocity  of  sound  in  the  gas,  1  filled  the  box  with  a 
niixtare  of  carbonic-acid  gas,  and  the  vapor  of  ether,  a  mixture  which 
is  very  dense,  and  through  which  sound  in  consequence  travels  only 
about  half  as  fast  as  it  does  in  air,  and  which  will  not  explode  or  even 
catch  fire  when  an  electric  spark  is  made  within  it,  or  dire<'tly  act  inju- 
riously upon  the  photographic  plate.  The  increased  incliuatiou  of  the 
waves  is  very  evident  in  Plate  Vi. 

Tlii'se  waves,  revealed  by  photography,  have  a  very  im^yortant  effect 
on  the  flight  of  projectiles.  Just  as  in  the  case  of  waves  producetl  by 
the  motion  of  a  ship,  which,  as  is  well  known,  l>e<'ome  enormously  more 
energetic  as  the  velocity  increases,  and  which  at  high  velocities  pro- 
duce as  a  matter  of  fact  an  effect  of  resistance  to  the  motion  of  the  ship 
of  far  greater  imp(H'tance  than  the  nkin  friction,  so  in  the  case  of  the 
an-  waves  produced  by  bullets;  in  its  flight  the  resistance  which 
the  bullet  meets  with  increases  very  rapidly  when  the  velocity  is 
raised  beyond  the  point  at  which  these  waves  begin  to  be  formed. 
Tills  being  the  case,  I  have  thought  it  might  be  interesting  to  see 
whether  the  analogy  between  the  behavior  of  the  two  classes  of  waves 
might  be  even  nearer  than  has  already  ap))eared,  and  on  turning  to  the 
beantiful  researches  of  Mr.  Scott  Russell,  published  in  the  report  of  the 

ritisb  Association  lor  the  yuM  1S44,  in  which  he  gives  a  very  full 
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report  on  the  water  waves  and  tbeir  properties,  I  found  that  lie  bad 
madeexperimentH  and  had  given  a  diagram  sbowiug  wliat  Uap]>eas 
when  a  solitary  wave  meets  a  vertical  wall.  The  wave,  as  wonid  be 
especte4l,  is,  under  ordinary  conditions,  reflected  perfectly,  making  an 
angle  of  reflection  equal  to  the  angle  of  incidence,  and  the  reflected  and 
incident  waves  are  alike  in  all  respects.  This  continues  to  be  the  case 
as  the  angle  get^  more  aikd  more  nearly  equal  to  the  right  angle,  i.  e., 
until  the  wave  front,  nearly  perpendicular  to  the  wall,  runs  along  nearly 
parallel  to  it.  It  then  at  last  ceases  to  be  reflected  at  all.  The  part  of 
the  wave  near  the  wall  instead  gathers  strength,  it  gets  higher,  it  there- 
fore travels  faster,  and  ^o  causes  the  wa\'e  near  the  wall  to  run  ahead 
of  its  proper  position,  producing  a  bend  in  the  wave  front,  and  this 
goes  on  until  at  last  the  wave  near  the  wall  t>ecome8  a  breaker. 

In  order  to  see  if  anything  similar  happeus  in  the  case  of  air  waves, 
1  arranged  the  three  reflecting  surfaces  of  sheet  copper  seen  in  Plate 
vii,  and  photographed  a  magazine- rifle  bullet  when  it  had  got  to 
the  jHtsitiou  seen.  Below  the  bullet  two  waves  strike  the  reflector  at  a 
low  angle,  and  tliey  are  perfectly  reflecte<l,  the  dark  and  the  light  lines 
changing  places  as  they  obviously  ought  to  do.  The  leftside  of  the  y- 
shaped  reflector  was  met  at  a  nearly  graining  incidence;  there  there  is 
no  reflection,  but,  as  is  clear  on  the  photoftraph,  the  wave  near  the 
reflector  is  of  greater  intensity,  it  has  bent  itself  ahead  of  its  proper 
position  as  the  water  wave  was  found  to  do,  but  it  can  not  form  a 
breaker,  as  there  is  no  such  thing  in  an  ait  wave.  The  same  photo- 
graph shows  two  other  phenomena  which  are  of  interest.  The  stem 
wave  has  a  piece  cut  out  of  it  by  the  lower  reflector,  and  bent  up  at 
the  same  angle.  Now  if  a  wave  was  a  mere  advancing  thing  the  end 
of  the  bent-up  piece  would  leave  off  suddenly,  and  the  break  in  the 
direct  wave  would  do  the  same.  But  according  to  the  view  of  wave 
propagation  put  forward  by  Iluygens,  the  wave  at  any  epoch  is  the 
resultant  of  all  the  disturbances  which  may  be  considered  to  have 
started  from  all  points  of  the  wave  front  at  any  preceding  epoch. 
The  reflector,  where  it  has  cut  this  wave,  may  l>e considered  as  a  series 
of  points  of  disturbance  arranged  continuously  in  a  line,  each  how- 
ever coming  into  operation  just  after  the  neighbor  on  one  side  and 
just  before  the  neighlmr  on  the  other.  The  reflect<'d  wave  is  the  enve- 
lope of  a  series  of  splieres  beginning  with  a  ()oint  at  the  pWe  where 
the  wave  and  the  retlccttor  cut,  growing  up  to  a  finite  sphere  about  the 
end  of  the  reflector  as  a  center;  beyond  this  there  are  no  more  centers 
of  disturbance,  the  envelope  of  all  the  spheres  projected  upon  the 
plate,  that  is,  the  photograph  of  the  reflected  wave,  is  not  therefore  a 
straight  line  leaving  off  abruptly,  but  it  curls  round,  as  is  very  clearly 
shown,  dying  gradually  away  to  nothing.  The  same  is  the  case,  but  it 
is  less  marked,  at  the  end  of  the  direct  wave  near  the  part  that  has. 
been  cut  out. 
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.-  .^  •/■■^■%  \iiim\.  u>  wliiirli  I  would  refer  in  the  dark  liiir  between  tbe 
.,,.A  '/  tin-  t>ulM  and  tli«  win!  plH«;ed  to  receive  it.  This  is  the  feeble 
.  ...  I'r  <Jlu-  \*>  tbe  i\\M\vAX\ff  Iff  tbe  hhihII  coodeoser- which  dearly  matit 
.  „.t'  \n-i-\nni  tb«  f¥>iiit  (if  );'>ii>eo(rof  its  own  accord.  The  feeble  spark 
l.i(/;t/lfn--i>i'  JK  tu  all  iiiteittrt  and  parposcs  simultaneous  with,  it  cannot 
l-)Jlo»  tbe  iiiiuii  ciKii'k  wliieb  makes  tbe  jihotograpta.  Tlie  feeble  spark 
lirdUid  tUe  air,  and  tbe  li|;lit  from  the  tnaiii  Kpjirk  coming  through  this 
Jjjii-  vf  beaU  d  air  wax  dinpcrM'd,  leaving  a  clear  blaek  shadow  on  the 
l>luLe.  One  »i>ai'k  euHttt  a  Hbailow  of  tlie  other.  Now  it  is  evident  that 
i)  tb(;  spark  at  the  iiohi*  of  the  bullet  had  followed  instead  of  having 
liiM-jsdeii  tbi'  main  Kpiirk  by  even  so uincb  aH  a  three-bundred-mtlliontb 
of  a  MM.und,  the  lime  that  liKbt  took  to  travel  from  one  to  the  other, 
it  would  not  have  b«;en  able  to  viint  u  shadow.  We  have  tbe  means  of 
tflliuif,  theiefoi-e,  which  of  two  sparks  atttually  took  place  first,  or  per- 
haps llie  oniei-  of  several,  even  thouf,'h  the  difference  of  time  is  so 
lujiiuti'.  I'crliuprt  this  method  might  bo  of  kouic  use  in  researches  now 
aMiiu'ljii|{  HO  much  interest,  in  connection  with  the  propagation  of  elec- 
tiiiiil  wavi-». 

(>n  n-liirniiig  Ui  the  rion-rellection  of  ihc  air  wave  in  the  upper  part 
of  I  Iji-  IlKuri',  Ml!  have  liere,  1  imagine,  optical  evidence  of  what  goes  on 
in  a  Mhiof'tfiiK  ifallery.  The  sound  is  probably  not  retle<-ted  at  all, 
but  i'Uiia  round  almost  r>n  the  Hitrface  of  the  wall  from  one  part  to 
aoolltiT. 

We  are  now  in  a  [xmition  t^i  see  how  the  retiection  or  nou-retlcction 
of  III)'  waM-a  prodni'i'd  by  a  imssing  bullet,  when  they  meet  with  some 
Aol'd  body,  may  jn-oiltice  It  practical  result  which  might  be  of  impor- 
tajiie  In  soHii'  ciiM-H.  HiippoM-  a  bullet  to  be  passing  near  and  parallel 
ti>  a  w^iil.  Tlo-n  if  the  vdncily  of  the  bullet  and  its  distance  from  the 
wall  ail-  .Mii-li  that  the  liiMd  wave  meets  the  wall  at  an  angle  at  which 

it  can    be    reihtiled.  c»| hilly,  ns   in    the  ca.se  of  Plate  vii,   if   the 

reflei'li'd  lay  can  only  rciiini  into  the  path  of  the  bullet  after  it  has 

gone,  then  no  inlliicnce  whatever  cim  be  c\erlc<i  ui>oii  the  bullet  by  its 

proximily  lotiie  wall.     If  however  the  head  wave  would  if  undisturbed 

meet  the  wall  at  Mu<!h  an  angle  that  it  could  not  be  reflected,  as  for 

itistaiiie    in  I'late    VIII,  whi'ii    rlie   head    wave  can    be  reflected   by 

neither  of  the  wallt  between  which  the  bullet  is  passing,  obviously  the 

•  K(rong<-r  and  Ihe  resistance  which  it  offers  will,  I 

^icati-r,  a  till  if  in  this  c;ise  the  upjier  plat«  be  removed 

nee  will  be  one  sided  and  must  tend  to  deflect  the 

iiite  distinct  from  the  well-known  eft'ect  of  a  bayonet 

II  bullet;  when  a  bayonet  is  fixed  the  rush  of  powder 

!  bullet  and  the  bayonet  is  ipiite  sutticient  to  account 

which  every  pnicliced  marksman  allows  for. 

iL  method  by  which  a  problem  of  some  difficulty,  about 

are,  I  lielieve,  by  no  means  in  accord,  may  be  solved 

of  eerbiinly.     The  problem  is  this,  to  find  what  pro- 
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portion  of  the  velocity  of  a  ballet  is  given  to  it  after  it  has  left  the  bar- 
rel, or,  wbat  conies  to  tbe  same  tbing,  to  find  the  position  in  front  of 
the  barrel  at  which  the  speed  is  a  maximoni.  Tbe  cause  of  this  is  evi- 
dent. When  the  bullet  has  left  the  muzzle  the  imprisoned  powder 
gases,  under  enormous  pressure,  rush  out,  making  a  draft  past  the 
bullet  of  the  most  tremendous  intensity  tending  obviously  to  drive  it 
forward.  While  this  draught  does  most  atusuredly  hurry  the  bullet  ou 
its  forward  course,  it  does  not  tend  to  make  it  spin  round  any  faster. 
Nov  if  the  bullet  were  not  hurried  on  at  all  alter  it  left  the  muzzle  it 
would,  tnkTelliug  as  in  a  screw  of  the  same  pitch  all  the  way  (h)m  the  - 
breech  of  the  rifle  np  to  the  point  at  which  it  is  photographed,  have 
turned  round  a  certain  number  of  times,  which  depend  upon  thedis- 
tauce  traveled  and  the  pit4;K  of  the  screw.  If  however  the  longitudi- 
nal motion  is  hurried  and  the  rotational  is  left  unaltered  the  pitch  will 
be  lengthened]  outside  the  barrtl  and  the  rotation  will  have  been  less 
for  any  position  than  it  would  have  been  if  tbe  bullet  had  not  been 
accelerated  in  this  way.  If  therefore  we  can  find  to  what  extent  the  bul- 
let tiaa  turned  actually  at  the  place  at  which  it  has  been  photographed, 
we  can  find  the  apparent  rotational  lag,  and  so  working  backwards 
get  a  measure  of  the  velocity  acquired  after  leaving  the  muzzle.  lu 
order  to  accomplish  this  I  drilled  a  series  of  holes  trausversely  througli 
the  bullet,  each  one  at  an  angle  to  the  previous  one,  the  whole  series 
being  such  that  to  whatever  extent  tbe  bullet  bad  twisted,  one  at  least, 
and  perhaps  two,  would  allow  the  light  of  the  spark  to  shine  through 
*  it  upon  the  photographic  plate.  Then  from  the  photograph  it  is  easy 
to  see  through  which  hole  the  light  shone,  and  knowing  in  wbat 
position  this  was  in  tbe  breech,  it  is  easy  to  find  whatfraction  of  half 
a  turn  over  or  above  any  whole  number  of  half  turns  the  bullet  has 
twiKted.  Strictly  the  measure  should  be  made  at  different  distances 
U>  eliminate  all  uncertainty,  but  tbe  only  shot  I  have  taken  was  suffi- 
cient to  show  that  there  was  a  rotational  lug  equivalent,  according  to 
tbe  measure  inatle  by  Mr.  Barton,  to  something  under  a  two  per  cent 
acceleration  outride  the  barn^I.  I  do  not  attach  any  importance  to  this 
figure;  the  experiment  was  made  with  a  view  to  see  if  the  method  was 
practicable  and  this  it  certainly  is.  I  would  recommend,  where  ac- 
curacy is  required,  that  having  found  as  above  about  how  much  the 
bullet  has  turned,  that  a  second  bullet  should  be  drilled  with  a  series 
of  holes  at  about  the  corresponding  position  differing  very  slightly  from 
one  another  in  angular  position,  so  that  several  would  let  the  light 
through  and  thus  give  a  more  accurate  measure  of  the  rotation. 

There  is  a  point  of  interest  to  sportsmen  which  has  given  rise  to  a 
controversy  which  the  spark  photographs  supply  the  means  of  settling. 
The  action  of  the  choke  bore  has  been  disputed,  some  having  held  that 
the  shot  are  made  to  travel  more  compactly  altogether,  while  others, 
while  they  admit  that  the  shot  are  less  scattered  laterally,  as  may  be 
proved  by  firing  at  a  target,  assert  that  they  are  spread  out  longitudi- 
nally, so  that  if  this  is  the  case  the  improved  target  pattern  is  no  eri- 
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Icrioii  I'f  harder  hitting.  esperiaUy  iu  the  case  of  a  bird  flying  rapidly 
Mrnvvi  ibe  directioD  of  aim. 

I  n-a.-i  iinrortonaiely  uot  able,  in  the  limited  space  and  tiine  that  I 
hove  Xwfii  able  to  employ,  to  bike  photographs  of  the  shot  at  a  leaeon- 
able  di^itaitee  from  the  gau,  bat  I  have  taken  comparatiTe  pboto|7aphs 
lit  three  or  four  yards  only  lu  vhirh  every  shot  is  clearly  defiued.  and 
in  wliifh  it  is  even  «»sy  to  see  on  the  iw^tive  where  the  shot  have 
Ihh'M  jiuiiined  into  one  auothw  and  dented.  The  differenee  in  the  scat- 
leriiif;  iit  thU  short  distance  is  uot  suffirieui  for  the  results  to  give  any 
inforniDtioii  lieyontt  this,  that  shot  are  as  easily  phott^rapbed  as  bullets, 
and  that  no  diffioiilty  uee^l  be  apprehended  in  attemptiug  to  solve 
any  qui'stion  of  the  kind  by  this  method.  ITie  photograph,  Plate  is, 
represents  the  shot  tt\»n  the  vylintlrival  or  right-hand  barreL  The 
veliH'ity  MOW  is  si*  low  that  iiidividnal  waves  are  no  longer  formed  by 
WK'li  siiot,  Thp  whole  siwu-e  however  wi-opied  by  the  sliot  is  filled 
with  iiir  wnves  of  the  greatest  crimplexiiy.  They  are  not  doe  to  the 
eiuist>  i)li-ei)dy  explainwi.  but  are,  I  believe,  formed  by  the  imperfect 
ini\tiii't<  of  air  with  iM>wder  •■ases  still  at-fomt>snying  the  shot.  The 
ini|M'rteft  niixtnre  of  the  two  gases  causes  tight  to  be  dedected  in  its 
pastsiigt',  thns  pr^Hliuiiig  striie,  .inst  as  at  the  tirst  mixing  of  whisky 
ami  wiitor  sli-iie  are  seen  isometimes  attributed  to  oil!i.  which  disap 
|tti|U-  when  Iho  niixtniv  is  eomplete.  I  would  mention,  for  the  benetit 
of  iiliv  ouo  who  may  W  tempted  to  ■.■«>ut)uue  these  e\|M>rinienls,  that  a 
i)iitl'  of  wii't's  (sueli  as  are  found  to  do  mi  well  when  bullets  have  to  be 
I'ltiight )  »»>  not  suilnble,  as  one  is  sure  to  be  shot  away  before  sui-h  a 
bi'ltli;*'  itf  f*!"'*  i"*  "unle  lietweeu  them  as  will  alhiw  a  spark  to  pass. 
Mowt'U'r,  by  n«*iii>;  thick  eopi>er  wiivs,  wneWut  iu  the  form  of  a  screw, 
Willi  tliiMitlunuhing  the  axis,  no  such  faibmTauix-cHr.amt  every  shot 
Mial  I  luivc  tukoii  in  this  wiiy  bus  Kvii  sutvfssfni.  t)ne  euuof  course 
till!  Ilio  iii'tion  iif  liny  nialevial  mixtnl  with  the  shot.  For  instance,  in 
oiH'  (<iixi>  I  nil\iHl  a  fcwdiiips  of  lii|niiloil  with  the  shot  and  found  them 
iniiiit  wiili'l.v  Mfatli'M'd  iu  I'linswiuence,  not,  as  has  In-eu  stated,  held 
tnHi'tliiT  Im  tliiMill  us  if  they  wei-e  tu  iiwiiv  cartridge.  Of  course,  solid 
III  uu  iloubt  diH's,  pixMluce  such  a  resnlt,  but  liquid 
t. 

lotnicludo  with  a  scries  of  photographs  which  show 
iiiclliiHl  is  nnder  conti^d,  how  information  of  a  kind 
miiutsidc  the  reach  of  cx|H>riiueiit  may  bo  obtained 
I  k  ithi'lograph.  ami  how  phenomena  of  an  niiex- 
,lili>  to  uppcar  when  miikiug  i«iy  new  experiment. 
X  iillici  w  i-o  ..flint  little  iuleivst  or  importance. 
IlKc  lowalch  ihe|>i'.Hw»of  tliepien-ingofagUiss 
mil  the  tliNl  shock  step  by  step,  until  the  bullet 
hoiii  lliu  c<ml\iHi>iu  it  liiid  cmiliMl.  In  IMitte  X, 
cu  citHi'WH.v  ,1'"*'  "'I*'''  "'"  l'»ll'''  '•""  struck  it. 
itt  ilic  oiila-ih  ol  t;lass  dust  backwmds  is  ali-eady 
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four  or  five  times  as  rapid  as  tlie  moti^m  of  tbe  bullet  forwards.  A 
new  air  wave  is  just  beginning  to  be  created  in  front  of  tlie  glass-coated 
lieail  of  tlie  bullet  and  two  highly  inclined  waves,  one  on  either  Hide  of 
the  glass,  reaching  about  three-quarters  of  the  way  to  the  edge,  have 
sprung  into  existence.  These  are  more  clearly  seen  in  the  next  figure; 
meanwhile  it  may  be  well  to  point  out  that  tbe  fragments  of  pajier 
which  are  following  the  bullets  have  in  this  case — as  the  card  was 
much  nearer  to  the  glass  plate  than  in  those  previously  taken — some 
of  thein  lost  so  much  of  their  velocity  and  have  in  consecjnence  lagged 
behind  in  a  still  higher  proportion  than  the  others,  that  tiiey  are  trav- 
elling at  less  than  1,100  feet  a  second;  the  more  backward  ones  carry 
in  consequence  no  air  waves  and  there  is  no  means  of  telling  from  the 
ptiotograph  that  they  are  moving  at  all.  In  PI.  xil,  fig.  1,  the  bullet 
has  struggled  about  half  way  through  the  plate.  The  waves  on  either 
side  of  the  plate  have  now  reached  the  edge  and  are  on  their  way  back 
towards  the  center  again.  They  are  caused  in  this  way:  When  the 
bullet  strikes  the  plate  the  violent  shock  pro<laces  a  ripple  or  tremor 
in  the  glass  wbicb  travels  away  ratlialty  in  all  directions,  leaving  tbe 
glass  quiet  behind.  The  rate  at  whicli  this  ripple  travels  may  l>e  found 
from  tbe  ahgle  which  these  new  air  waves  make  with  the  plate,  for 
taking  any  point  on  the  plate  and  measuring  up  to  the  point  where  tbe 
air  wave  meets  the  pla^«  and  also  the  distance  in  air  to  the  nearest 
l>oint  of  the  inclined  air  wave,  we  get  two  distances,  the  ratio  of  which 
is  tbe  ratio  of  tbe  velocity  of  tbe  disturbance  in  the  glass  to  the  veloc- 
ity of  sound  in  air.  Bnt  much  more  than  Ibis  issbown.  An  examina- 
tion of  the  negatives  or  of  a  photographic  print  and  even,  but  less 
clearly,  of  the  print  in  tbe  text  shows  that  these  inclined  air  waves  are 
made  u[>  of  a  serie.s  of  dark  and  light  lines  at  a  very  slight  inclination 
to  the  air  wave  itself,  so  that  as  we  travel  along  the  air  wave  it  is 
alternately  dark  outside,  and  light  oatside. 

ThCHe  indicate  the  successive  positions  in  which  the  glass  first  moved 
outwards  to  compress  the  air  or  first  movetl  inwards  tornrefy  it  so  that 
the  wave  length  of  the  ripple  may  thus  he  found,  and  finally  it  is  seen 
that  where  the  waves  are  waves  of  c^nii>res.'4ion  on  one  side  of  the  plate 
they  are  waves  to  rarefaction  on  tbe  other,  indicating  that  it  was  a 
transverse  and  not  a  mere  longitudinal  disturbance  that  ran  along  the 
plate  from  the  center  outwards  and  back  again  after  reflci^tion  Troni  the 
edge.  In  addition  to  this  fact  that  the  reflected  wave  is  still  on  its  in- 
ward cour.-^  proves  that  up  to  this  time  the  plate  is  whole,  as  a  wave 
can  not  be  propagated  in  a  broken  plate.  Plate  \i,  illustrates  the 
state  of  affairs  when  the  bullet  has  traveled  abont  't  inches  beyond  the 
plate.  It  has  not  yet  emerged  from  the  cloud  of  ^lass  dust.  The  new 
bead  wave  i.s  very  conspicuous.  In  the  original  negative,  al>out  half- 
way between  the  bullet  and  the  plate,  the  incline<l  waves  dne  to  the 
tremor  in  the  gliiss  plate  may  be  detected,  but  they  are  too  delicate  Ut 
be  reproduced  by  the  printing  process.   They  supply  the  infonnation  as 
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to  how  long  tlio  plate  remained  whole  or  rather  if  the  bullet  hsui  been 
caugbt  a  little  sooarr  before  these  faint  waves  bad  lost  so  luuch  of  tbeir 
distiactuess  tbey  would  supply  this  information  with  great  exactness. 
Meanwhile  the  figore  shows  that  the  plate  in  now  broken  up  completely. 
It  is  true  it  ia  still  standing,  and  the  stern  air  wave  is  seen  reflected 
from  the  upper  part  of  it,  but  this  is  because  the  different  parts  have 
not  yet  had  time  to  get  away;  their  grinding  edges  however  have  cast 
out  from  the  surface  little  particles,  and  these  are  seen  over  the  whole 
extent  of  the  plate.  After  about  15  inches  the  bullet  is  quite  clear  of 
the  cloud  of  dust  (PI.  xii,  fig.  2);  one  piece  only  of  the  glass,  no  doubt 
the  piece  that  was  iramediat&ly  struck,  has  been  punched  out  and  is 
travelling  along  above  the  bullet  at  a  speed  practically  equal  to  its  own. 
1  am  also  able  to  show  the  plate  itself  in  this  and  a  still  later  stage, 
when  at  last  the  separate  pieces  have  begun  to  bo  visibly  moved  out  of 
their  position  and  in  some  cases  slightly  turned  round. 

I  have  merely  given  this  evening  an  account  of  a  few  experiments 
which  in  themselves  perhaps  are  of  little  interest,  but  they  at  any  rate 
show  the  capability  of  this  method  for  the  examination  of  snbjet^ts 
which  would  in  the  ordinary  way  be  considered  beyond  the  reach  of 
experiment.  It  is  hardly  necessary  to  say  that  the  examples  given  by 
no  means  reach  the  limit  of  what  may  be  done.  I  have  exaniined  the 
explosions  produced  by  lo-grain  fulminate  of  mercury  detonators 
and  of  heaps  of  iodide  of  nitrogen,  a  material  which  is  rather  unman- 
ageable, as  if  a  fly  even  walks  over  it  it  violently  explodes.  In  these 
cases  the  cxplnsive  flash  was  used  to  make  the  B  gap  of  PI.  Ii,  fig.  5  con- 
ducting, for  which  it  answered  perfectly.  One  might  in  the  same  way 
examine  the  form  of  the  out-rush  of  powder  gases  past  the  bullet,  and 
so  find  at  once  their  velocity  with  resiwct  to  the  velocity  of  the  bullet, 
and  I  see  no  great  difBciilty  in  tracing,  if  this  should  be  desired,  the 
whole  course  of  a  single  bullet  for  perhaps  as  much  as  100  yards  by 
means  of  photographs  taken  every  few  iuches  on  its  way.  Though  it 
may  not  be  evident  that  these  or  similar  experiments  are  of  any  practi- 
cal importivnce,  there  can  be  no  doubt  that  information  may  be  readily 
obtained  by  the  aid  of  the  spark  photograph,  as  in  fact  has  been  shown 
by  Prof.  Mach,  I^ord  Kayleigh,  Mr.  F.  J.  Smith,  and  others,  which  with- 
out its  aid  ciin  only  be  surmised,  and  that  if,  as  in  other  subjects,  the 
first  wish  of  theexperimentalististosee  whatheisdoing,  then  in  these 
cases  surely,  where  in  general  people  would  not  think  of  attempting  to 
look  with  their  natural  eyes,  it  may  be  worth  while  to  take  advantage 
of  this  electro  photo  graphic  eye. 
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MAGNETIC  PROPKKTIES  OF  LIQUID  OXVGES." 

By  Prof.  -James  1»kwar.  F.  It.  S. 


After  alladinf;  to  the  ^enerons  ai<\  .vbieli  he  had  received  both  from 
the  lioyal  Institution  and  from  otliers  in  connection  wttliliisrei^arclieH 
on  the  properties  of  liquid  oxygen,  and  to  the  untiring  assistance  ren- 
dere<l  him  by  his  coworkers  in  the  lalwrntory,  Prof.  Dewar  iiitid  that  on 
the  occasion  of  the  commemnratioTi  of  the  centenary  of  the  birth  of 
Michael  Faraday  he  bad  demonstrated  Rome  of  the  properties  of  liquid 
oxygen.  He  hoped  thateveuing  to  go  several  steps  further,  and  to  show 
liquid  air',  and  to  I'euder  visible  some  of  its  more  extrtfordiuary  prop- 
erties. 

The  apparatus  employed  consisted  of  the  gas-engine  down  stairs, 
which  was  driving  two  comjiressors.  The  chamber  containing  the  oxy- 
gen to  be  li(iuelied  was  surrounded  by  two  circuits,  one  traversed  by 
ethylene,  the  other  by  nitrous  oxide.  Some  liquid  ethylene  wasadmitted 
to  the  chamber  belonging  to  its  circuit,  antl  there  eva|)orated.  It  was 
then  returned  to  the  compressor  as  gas  and  liquefied,  and  theuce again 
into  the  compressor  as  required.  A  similar  cycle  of  operations  was 
carried  out  with  the  nitrous  oxida  There  was  a  hundredweight  of 
liquid  ethylene  prepared  for  the  exjieriment.  Ethylene  was  obtained 
from  alcohol  by  the  action  of  strong  sulphuric  acid.  Its  manufaetnre 
was  exceedingly  difficult,  because  dangerous,  and  as  the  efficiency  of 
the  process  only  amounted  to  lo  or  20  per  cent  the  preparation  of  a 
hundredweight  of  liquid  was  no  light  task.  The  cycle  of  operations, 
which,  for  want  of  time,  was  not  fully  explained,  was  the  same  as  that 
commoidy  employed  in  refrigerating  machinery  working  with  ether  or 
ammonia. 

The  lecturer  then  exhibited  to  the  audience  a  pint  of  liquid  oxygen, 
which  by  its  cloudy  appearance  showed  that  it  contained  traf^es  of 
Impurity.  The  oxygen  was  tittered,  and  then  appeared  as  a  clear  trans- 
.  parent  liquid  with  a  slightly  blue  tinge.  The  density  of  oxygen  gas  at 
—182'^  G.  is  normal,  and  the  latent  lieat  of  volatilization  of  the  liquid  is 
about  80  units.    The  capillarity  of  liquid  oxygen  at  its  boiling-point  was 

*  Abatrni't  of  ilitironrHe  di^liverrd  at  l.he  Roynl  lastitutioli.  Friday  oveoinf;,  Juds 
10,  1892,     (From  Proceeiinga  of  llit  Royal  Intlilution  of  Great  BHUiiii,  vol.  XllI,  pp. 
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about  one-six' li  that  of  water.  The  temperature  of  liquid  oxygen  at 
atinosplieriv  pressnre.  determined  by  the  specific  lieat  method,  nsing 
platiiinin  and  silver,  waa  —180°  C. 

Reference  waa  then  iqade  to  a  remarkable  experimental  corrolmration 
of  tlie  correctness  for  exceedingly  low  temperatures  of  Lord  Kelvin  and 
Prof.  Tait's  thermoelectric  diagram.  If  the  lines  of  copper  and  plati 
nam  were  prolonged  in  the  direction  of  negative  temperature,  they 
would  intersect  at  —  95°  C.  Similarly,  the  copper  and  palladium  lines 
wonld  cut  one  another  at  — 171P  C.  Now,  if  this  diagrm  were  correct, 
the  E.  M.  F.of  the  therrao-electric  jnnctionsof  thesetwopairsof  metals 
should  reverse  at  these  points.  A  Cu  —  Pt  Junction  connected  to  a 
reflecting  galvanometer  was  then  placeil  \u  oxygen  vapor  and  cooled 
down.  At— 100°C.tbc  si>otof  light  stopped  and  reversed,  A  Cu  — Pd 
junction  was  afterwards  placed  in  a  tube  containing  liquid  oxygen,  and 
a  similar  reversal  took  place  at  about  —170'^  C. 

Liquid  oxygen  is  a  non -conductor  of  electricity;  a  spark  taken  from 
an  induction  coil,  one  millimeter  long  in  the  liquid,  requires  a  i>oteutial 
equal  to  a  striking  distance  in  air  of  2't  millimeters.  It  gave  a  flash 
now  and  then,  when  a  bubble  of  the  oxygen  vapor  in  the  boiling  liquid 
came  betweeil  the  terminals.  Thus  liqnid  oxygen  is  a  high  insulator. 
When  the  spark  is  taken  fromaWimsburstmachinetheoxygen  appears 
to  allow  the  passage  of  a  discharge  to  take  place  with  much  greater 
ease.  The  spei^trum  of  the  spark  taken  in  the  liquid  iH  a  contiuuous 
one,  showing  all  the  absoqition  bands. 

As  tn  its  absorption  spectrum,  the  lines  A  and  B  of  the  solar  spectrum 
are  due  to  oxygen,  and  they  came  out  strongly  when  the  liquid  was 
interposed  in  the  path  of  the  rays  from  the  electric  lamp.  Both  the 
liquid  and  the  highly  compressed  gas  show  a  series  of  five  absorptiou 
bands,  situated  res|»e[;tjvely  in  the  orange,  yellow,  green,  and  blue  of 
the  spectrum. 

Experiments  prove  that  gaseous  an<t  liquid  oxygen  have  substantially 
the  same  absorption  spectra.  This  is  a  very  imteworthy  conclusion, 
considering  that  no  compound  of  oxygen,  so  far  as  is  known,  gives  the 
absorptions  of  oxygen.  The  persisfency  of  the  absorption  through  the 
stages  of  gaseous  condensation  towards  complete  liquidity  implies  a 
persistency  of  molecular  constitution  which  we -should  hardly  have 
expected.  The  absorptions  of  the  class  to  which  A  and  B  belong  must 
be  those  most  ea^iily  assumed  by  the  diatomic  molecules  {O^)  of  ordinary 
osygen;  whereas  the  diffuse  bands  above  referred  to,  seeing  they  have 
intensities  proportioned  to  the  square  of  the  density  of  the  gas,  must 
dei>end  on  a  change  jirodiiced  by  compression.  Tliis  may  be  brought 
about  in  two  ways,  either  by  the  formation  of  more  complex  molecules, 
or  by  the  constraint  to  which  the  molecules  are  subjected  during  their 
encounters  with  one  another. 

"Vhen  the  evaporation  of  liquid  oxygen  is  accelerated  by  the  action 
igh  expansion  pump  and  an  open  test-tube  is  inserted  into  it,  the 
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tabe  brgiDS  U>  fill  up  witb  liquid  atmospberic  air,  produced  at  tbe  ordi- 
nary barometric  pressure. 

Dr.  Jant^seri  bad  recently  been  making  prolonged  and  careful  experi- 
ments on  Mont  Blanc,  and  be  roundthattbe.se oxygen  lines  disapt>eared 
more  and  more  from  the  solar  spectrum  as  be  readied  bigber  altitudes. 
Tbe  lines  at  all  elevations  <'ome  out  more  strongly  wben  tbe  sun  is  low, 
bei-ause  tbe  rays  then  have  to  traverse  greater  tliirknesses  of  tbe  earth's- 
atmosphere. 

Michael  Faraday's  experiments  made  iu  1849  on  tbe  a<^tian  of  mag- 
netism on  gases  openetl  np  a  new  field  of  investigation.  Tbe  following 
tible  in  which  +  means  "  magnetic  "  and  —  means  "  negative,"  sum- 
marizes  the  results  of  I-'araday's  experiments. 

Magnetic  relalio)i»  of  gain  (Faraday). 


j  1..,. 

l»™-bo»io 

'"^*!'" 

+ 

-weak. 

-  wuk. 

Air 

+ 

- 

-«troDg. 

+  «TODg. 

Oxjeva - ---- 

w« 

,   ^^ 

-weak. 

Becquerel  was  ijefore  Faraday  in  experhnenting  upon  this  subject. 
Bectinerel  allowed  charcoal  to  absorb  gases,  and  then  examined  the 
proi>erties  of  such  charcoal  in  tbe  magnetic  field.  ITe  thus  discovered 
the  magnetic  pro])erties  of  oxygen  to  be  strong,  even  in  relation  to  a 
solution  of  ferrous  chloride,  as  set  forth  in  tbe  following  table: 

*  Specific  magnetitm,  equal  KcighU  (Becqaerel). 


ForrtHM  rtitorlde 

■«M 

W»t«r 

The  lectnrcr  took  a  cup  made  of  rock  salt  and  put  in  it  some  liquid 
oxygen.  The  liquid  did  not  wet  rock  salt,  but  remained  in  a  spheroidal 
state.  The  cup  and  its  contents  were  placed  between  and  a  little  below 
the  poles  of  an  electromagnet.  Whenever  the  circuit  was  completed 
tbe  liquid  oxygen  rose  from  the  cup  and  connected  the  two  poles,  as 
represented  in  tbe  cut,  wliicli  is  copied  from  a  photograph  of  the  phe- 
nomenon. Then  it  boiled  away,  sometimes  more  on  one  pole  than  tbe 
other,  and  wben  the  circuit  was  broken  it  fell  off  the  pole  in  drops 
back  into  tbe  cup.  He  also  showed  that  tbe  magnet  wiinid  draw  up 
liquid  oxygen  out  of  a  tube.    A  test-tube  coQtaining  liquid-oxygen, 

Coogic 


186  MAQKETIC    PROPEBTIE8   OF   LIQUID   OXYOEM. 

wben  placed  in  the  Hughes  balaDce,  produced  no  disturbing  effect. 
The  magnetic  moment  of  liquid  oxygen  is  about  1,000  wben  the  mag- 
netic moment  of  iron  ia  taken  aa  1,000,000.  On  cooling,  some  bodies 
iDcreased  in  magnetic  power.  Cotton  wool,  moistened  with  liquid 
oxygen,  was  strongly  attracted  by  the  magnet,  and  the  bqnid  oxygen 
was  actually  sucked  out  of  it  on  to  the  poles.  A  cry8ta.l  of  ferrous 
sulphate,  similarly  cooled,  stuck  to  one  of  the  poles. 

The  lecturer  remarked  that  fluorine  is  so  much  like  oxygen  in  its 
properties  that  be  ventured  to  predict  that  it  will  turn  out  to  be  a  mag- 
netic gas. 

Nitrogen  liquefies  at  a  lower  temperatnre  than  oxygen,  and  one 
would  expect  the  oxygen  to  come  down  before  the  nitrogen  when  air 
is  liquefied,  as  stated  in  some  test-books,  but  unfortunately  it  is  not 
true.  They  liquefy  together.  In  evaporating  however,  the  nitrogen 
boils  off  before  the  oxygen.  He  poured  two  or  three  ounces  of  liquid 
air  into  a  large  test  tube,  and  a  smouldering  splinter  of  wood  dipped 
intothemoulhof  the  tube  was  not  re-ignited;  the  bulk  of  the  nitrogen 
was  nearlyfive  minutes  in  boiling  off,  after  which  a  smouldering  splinter 
dipped  into  the  mouth  of  the  test  tube  burst  into  dame. 


HsKnetic  prop«rti«>  or  liquid  oiyg«n.  * 

Between  the  polea  of  the  magnet  all  the  liquefied  air  went  to  the 
I>oles;  there  was  no  separation  of  the  oxygen  and  nitrogen.  Liquid 
air  has  the  same  high  insulating  power  as  liquid  oxygen.  The  phe- 
nomena presented  by  liquefle<i  gases  present  an  unlimited  field  for 
investigation.  At  —  200°  C.  the  molecules  of  oxygen  had  only  one- 
half  of  their  ordinary  velocity,  and  had  lost  three-fourths  of  their 
energy.  At  such  low  temperatures  they  seemed  to  be  drawing  near 
what  might  be  oilled  "the  death  of  matter,"  so  far  as  chemical  action 
was  concerned ;  liquid  oxygen,  for  instance,  had  no  action  upon  a  piece 
of  phosphorus  and  potassium  or  sodium  dropped  into  it;  and  once  he 
thought,  and  publicly  stated,  that  at  such  temperatures  all  chemical 
action  ceased.  That  statement  required  some  qualification,  because  a 
photographic  plate  placed  in  liquid  oxygen  could  be  acted  upon  by 
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radiiint  energy,  aod  at  a  temperature  of — 200°  0.  was  etill  seositive 
to  liglit. 

Prof.  M'Reiidrick  had  tried  tlie  effect  of  these  low  temperatures 
upon  tlie  spores  of  microbic  organiams,  by  submittiog  in  sealed  glass 
tnbes  blood,  milk,  flesh,  and  such  like  8ub!4taDces,  for  one  hour  to  a 
temperature  of  —  182°  C.,  and  sabseqneotly  keeping  them  at  blood 
beat  for  some  days.  The  tubes  on  being  opened  were  aII  putrid. 
Seeds  also  withstood  the  action  of  a  similar  amoont  of  cold. 

I  At  a  meeting  of  the  Boyal  Society  of  London,  held  March  ft,  1803, 
Professor  Dewar  made  an  oral  statement  to  the  effect  that  he  had  suc- 
ceeded in  freezing  liquified  atmospheric  air  into  a  clear  transparent 
solid.  Whether  this  solid  is  a  jelly  of  sobd  nitrogen  containing  liquid 
oxygen,  or  a  trae  ice  of  liquid  air,  in  which  both  oxygen  and  nitrogen 
exist  in  the  solid  form,  was  however  stated  to  be  a  question  for  fur- 
ther research. — Proceediiiffg  of  tlie  Royal  ISociety,  1893,  vol.  Lilt,  p.  80.] 
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THE  PROBLEM  OF  FLYING." 


By  Otto  Lilientual. 


While  tlieoreticivlly  iio  difficulty  of  any  considenible  importiince  pre- 
cludes Higlit,  the  problem  ciiii  not  be  consideriid  solved  until  the  act  of 
flying  has  been  accoinplisbed  by  man.  In  its  application,  however, 
unforeseen  difliculties  arise  of  which  tbe  theorist  t-au  have  no  con<:ep- 
tion. 

The  first  obstacle  to  be  overoonie  by  the  practical  <'onstructor  is  that 
of  stability.  It  is  au  old  adage  that  "  \Va«ser  hat  keine  Balken.^^  Wbat 
tbeu,  shall  be  said  of  airt 

Leaving  nnt  of  tbe  question  propelling  mei^hanistua  which  retjnite 
more  than  ordinary  reflneineuts  of  construction,  theory  teaches  that  a 
pTOiMTly  constructed  flying  apparatus  may  be  bnuight  to  sail  in  a  suffi- 
ciently strong  wind;  while  tii  still  air,  sucb  a  muchine  may  be  made  to 
glide  downward  uihui  a  slightly  inclined  path.  In  the  practical  appli- 
catioD  of  these  two  methods,  however,  it  is  Ibund  tliat  while  tbe  appa- 
ratus is  supiKU'ted  by  moving  air,  it  is  also  subjected  to  the  whims  of 
the  wind,  which  often  places  it  in  nncomfortable  positions,  overturns 
it,  or  carries  it  into  higher  rcgious  and  tbeu  precipitates  it,  headfore- 
most, to  the  ground.  Iiowering  of  the  center  of  gravity  is  of  little 
avail,  nor  does  the  most  ingenious  change  of  the  wings  or  the  stetmng 
surfaces  alter  tbe  case.  There  is  still  no  tratte  of  tbe  majestic  soanng 
of  the  bird,  for  the  wind  is  a  treacherous  fellow,  who  follows  his  own 
ioclinatiotis  and  htnghs  at  our  art.  Therefore  let  us  try  the  second 
method,  tbe  oblique  descent  in  still  air. 

According  to  computation  the  apparatus  sbnald  descend  at  a  small 
angle,  reaching  tbe  grouiul  at  a  considerable  distance,  but  this  exjieri- 
nient  is  »  success  only  in  short  Hights.  Beyond  tiiese  the  apparatus 
becomes  unmanageable,  darts  vertically  uj),  turns  about,  comes  to  a 
full  stop,  stands  on  its  head,  and  descends  witb  uncomfortable  rajndity 
to  the  ground,  the  contact  with  which  will  probably  have  ileuiolished 
the  msicbine,  if  it  do  not  turn  a  lucky  stnnersanit  and  laiitl  ut>0D  its 
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back.  Nor  do  repeated  changes  of  the  center  of  gravity  alter  the  case 
beyond  making  it  turn  over  baekwd  instead  of  forward,  leaving  the 
conditions  as  unstable  as  before.  Fancj  Ura  tkte  of  the  man  who  con- 
fides in  such  ap  apparatus. 

Shall  we  now  give  up  all  hopes  of  success  or  shall  we  try  new  meaas 
to  deprive  the  flying  machine  of  its  vicious  propensities !  This  ques- 
tion has  been  answered  in  various  ways.  Or  the  one  hand  it  is  thought 
that  it  should  be  possible,  by  mechanical  means,  to  produce  stable 
flight  automatically,  and  an  association  of  engineers  of  repute  at  Augs- 
burg— an  excellent  proof  that  investigations  of  the  art  of  flying  have 
begun  to  be  taken  up  by  willing  and  self  sacrificing  men — has  among 
other  things  jiroposed.  meclianical  contrivances  for  tlie  regulation  of 
aoaring. 


The  apparatus  is  meaut  to  descend  from  a  captive  hBlloon.  By  tlie 
application  of  ingenious  motliods  the  sailing  surfiices  (wings)  are  forced 
to  retain  their  inclination.  Ac<'ording  to  the  reiiort  of  Engineer  -M,  Von 
Siegsfeld  on  tlie  subject,  no  system  has  as  yet  been  discovered  that 
would  promise  snfAcient  security  to  any  one  sailing  at  a  considerable 
flevation. 

As  desirable  as  it  is  that  tliese  investigations  should  discover  safe 
automatic  devices  to  give  stability  to  soaring,  it  temains,  on  the  other 
hand,  doubtful  whether  the  dangers  attending  such  flights  could  even 
then  be  obviated.  I  am  of  the  opinion  that  the  evolution  of  the  flying 
machine  will  be  similar  to  that  of  the  bicycle,  which  was  not  made  in  a 
day,and  that  this  will  not  be  either.  Although  in  soaring  the  center  of 
gravity  may  be  pla<ied  below  the  center  of  pressure  of  tlic  supporting 
air,  it  appears  that  even  in  this  case,  on  account  of  the  elasticity  of  the 
air  itself,  permanent  stability  could  only  **■  ''"'ed  by  a  constant 
tnd  arbitrary  correction  of  the  position  o  f  m^vity.  ,  Thi$ 
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is  performed  by  birds  iiicestiantly  and  it  is  ia  virtue  of  a  f>erfect 
adaptation  of  the  form  of  Uieir  viiigH  to  any  aerial  motion  tliat  ttieir 
flight  appears  to  us  so  sure,  graceful,  and  beautiful. 

In  the  same  way  a  map  can  move  through  the  air  and  liave  the  gen- 
eral ability  to  guide  his  apparatus  by  a  <!onstant  shifting  of  the  center 
of  gravity.  Descent  should  not  be  at  first  tried  from  great  elevations, 
for  such  a  feat  re<iuire«  practice.  In  the  beginning,  the  height  should 
be  moderate  and  the  wings  not  too  large,  or  the  wind  will  soon  show 
that  it  is  not  t«  be  trilled  with.  In  fact,  under  some  circumstances,  one 
may  be  swept  off  toward  still  higher  regions,  the  descent  from  which 
might  well  be  disastrous.  It  therefore  seems  best  that  t)ie  wings 
should  not  exceed  from  8  to  10  square  meters  (somewhat  over  81*  to  100 
square  feet),  or  that  the  experiment  should  be  conducted  in  iiny  wind 
blowing  more  than  5  meters  per  second  (nearly  1,000  feet  a  minute), 
which  represents  a  gentle  breeze.  A  good  run  against  the  wind,  how- 
ever, and  a  leap  from  a  safe  height  of  2  or  3  meters  may  seture  a  flight 
of  15  or  20  meters. 


Continual  practice  will  enable  the  experimenter  to  withstand  a 
stronger  breeze,  to  increase  the  surfaceoftlie  wings  to  15  square  niet«rs 
(160  square  feet),  and  to  start  from  a  greater  elevation,  especially  if 
there  be  a  pioderate  slo)>e  beneath  him  with  a  sott,  yielding  surface. 
After  becoming  sufficiently  expert  to  deviate  from  a  straight  line,  the 
experimenter  may  enjoy  the  sensation  of  flying,  bnt  it  is  always  a  nec- 
essary condition  tliat  he  should  face  the  wind  while  descending,  as  the 
birds  do.  If  then  flight  is  attempted  with  the  wind,  it  must  l>e  more 
rapid  than  the  wind,  or  the  result  will  be  very  apt  to  be  a  daogenms 
somersault  at  the  time  of  coming  to  the  gn>und,  so  that  it  is,  on  the 
whole,  most  advisable  to  follow  tite  lessons  of  the  birds,  who  ascend 
and  descend  against  the  wind.  C  AHl'^lc 
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I  have  been  experimeuting  iq  this  way  for  three  jears,  and  the  con- 
stant progress  luode  in  the  perfection  of  my  uiacbine  and  iLe  increased 
secnrity  it  gives  has  convinced  me  of  the  correctness  of  the  plan.  At 
all  events,  I  think  it  best  to  perfect  the  soaring  itpparatna  before 
attempting  flight  nith  movable  wings. 


After  numerous  experiments  from  low  elevations,  I  gi'adnally  ven- 
tured to  increase  the  height,  and  for  this  purpose  I  erected  a  tower- 
like shed,  which,  while  it  gave  me  room  to  store  my  apparatus,  enabled 
me  to  conduct  my  experiments  from  the  roof.  The  illustrations,  taken 
from  instautaoeous  photographs,  sliow  one  of  my  securely  constructed 
machines  for  soaring  and  the  various  phases  of  a  soaring  experiment. 

Figure  1  represents  the  first  leap  from  the  roof,  the  cut  showing 
the  front  view  of  the  apparatus,  which  in  some  respects  resembles  the 
spread  wings  of  a  bat,  and  folds  up  like  those  for  convenience  of  storage 
and  tran8i)ortation.  The  frame  is  of  willow,  covere<l  with  sheeting; 
the  entire  area  contains  nearly  IM  square  feet,  and  the  entire  appara- 
tus weighs  about  45  pounds.  The  roof  of  the  tower  is  rather  over  30 
feet>above  the  surrounding  level,  and  from  this  elevation,  after  suffi- 
cient practice,onemay  glide  over  a  distance  of  over  50  yards  at  a»  angle 
of  descent  of  from  10  to  15  degrees. 

Figures  2,  3,  i  show  the  progt-ss  of  the  experiment.  While  fiying 
freely  in  the  air  the  pro)MT  angle  of  desct-nt  has  to  be  regulated  by 
shifting  the  center  of  gravity.  Of  course,  the  wind  plays  a  very  impor- 
tant part  here,  and  it  is  only  by  long  and  constant  pra^^tice  that  we 
can  learn  to  make  allowance  for  its  irregularities  and  to  steer  the 
apparatus  properly.  The  capriciousness  of  the  wind  may  exert  unetjual 
ir"  ■'  great  expanse  of  wing,  and  then  it  may  happen  that 

ilevated  higher  than  the  other. 


THE    PROBLEM    OF    PLYING. 


TliiBJs  sliown  in  tig. 5.  In  thia  vase  tho  cquilibriuiQ  maybe  retttored 
by  a  chanf^e  in  the  center  of  gravity,  which  may  he  effected  by  extend- 
ing the  legs  as  far  to  the  left  as  possible,  and  thus  adding  more  weight 


to  the  wing  on  that  side.     The  two  steering  planes  attached  to  the 
rear  aid  in  enabling  one  to  keep  the  fhce  to  the  wind. 

Figure  6  shows  the  simple  manner  of  gras))ing  the  machine.    There 
are  no  straps  or  buckles,  and  yet  the  connection  is  perfect.    Each 


arm  rests  on  a  cnshion  attached  to  the  framework,  the  hands  seize  a 
cross-bar,  and  the  remainder  of  the  body  hangs  free. 
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My  recent  experiments  have  been  made  from  hills  having  iiu  eleva- 
tion of  abont  250  feet  and  sloping  uniformly  every  way  at  an  angle  of 
10  to  IS'^.  Prom  tlie  lower  ridges  I  have  already  naile<l  a  distance  of 
over  250  yards.  Tlie  great  difQ<!ulty  to  be  eiiconntereil  in  the  endeavor  to 
soar  comes  in  lonniing  tJ  giiiil«  the  fliglit.  rather  than  in  the  difficulty 
of  providing  power  to  move  the  wings. 

Progress  in  the  meuhanics  of  flying  received  at  one  time  a  severe 
cneck  through  the  atterancea  of  a  high  authority  in  piiysics.  Starting 
with  an  erroneous  hyj)othesis  and  putting  too  higit  a  value  on  the 
amount  of  work  reiiuired,  be  claimed  that  the  maxiiaum  of  j>ossible 
flight  bad  already  been  developed  in  the  largest  birds,  and,  as  man 
representeil  abont  fiiiir  times  the  heaviest  of  them,  bnmati  flight  was 


to  be  discarded  as  an  utti-r  impowfiibibty.  Now,  it  must  be  admitted 
that  the  difficulties  increase  with  the  size  of  tbe  ttyiiig  individual ;  but 
flying  itself  is  not  the  difficulty,  for  the  largest  flyers  are  at  the  Kume 
time  the  best  flyers  when  they  i>rice  get  going  in  the  air. 

The  object  of  tliis  paper  is  to  attempt  to  disjiel  old  prejudices  and  to 
win  new  adhei-ents  for  the  pn)blem  in  (juestioii.  Kven  <  onsideiiHl  oidy 
as  a  physical  exercise,  the  sportof  flying  would  create  one  of  the  health- 
iest of  all  enjoyments  and  add  ouc  of  the  most  efl'ective  remedies  to  the 
means  now  adopte<l  for  tbe  conipieat  of  those  diseases  which  are  inci- 
dent to  our  nio<lern  culture. 
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PRACTICAL  EXPERIMENTS  IN  SOARING." 


By  Otto  Lilibkthal. 


My  own  experiments  in  Hying  were  began  with  great  caution,  Tlie 
first  attempts  were  made  from  a  grass  plot  in  my  own  garden  npoii 
which,  at  a  height  of  1  meter  from  the  ground,  I  had  erected  a  spring- 
Itoard,  from  which  the  leap  with  my  sailing  apparatus  gave  me  an 
obliqne  descent  through  the  air.  After  several  liuudred  of  these  leaps 
I  gradually  increased  the  height  of  my  board  to  2^  meters,  and  from 
that  elevation  I  could  safely  and  without  danger  cross  the  entire  grass 
plot.  I  then  went  to  a  billy  section,  where  leaps  from  graduxlly 
increased  elevations  adde<l  to  my  skill  and  suggested  many  improve- 
ments to  my  apparatus.  The  readers  of  Prometkeua  have  already  been 
informed  of  the  selection  of  a  piece  of  ground  which  enabled  me  to 
extend  my  flights  over  a  distance  of  several  hundred  meters.  The 
remainder  of  the  summer  since  my  last  publication  (in  Nos.  204  and 
205  of  this  journal)  has  sufficed  to  bring  these  experiments  to  a  termi- 
nation and  to  dispose  of  some  important  questions  as  to  the  possible 
results. 

Indulging  in  subtile  inquiries  and  theorizing  does  not  promote  our 
knowledge  of  flying,  nor  ean  the  simple  observation  of  uatural  flight, 
as  useful  as  it  may  be,  transform  men  into  flying  beings,  although  it 
may  give  us  hints  pointing  towards  the  aticomplishmentof  our  purpose. 
We  see  buzzards  rise  skyward  without  any  motion  of  their  wings;  we 
observe  how  the  storks  intermingle  in  the  flock  with  outspread  wings 
and  in  beautiful  spirals;  we  see,  high  up  in  the  air,  the  piratical  falcon 
it)  <iuest  of  booty  remain  stationary  in  the  wind  for  minutes  at  a  time. 
We  recognize  every  spot  on  his  brownish  plumage,  but  we  do  not  per- 
ceive the  least  exertionof  his  wings  to  maintain  his. 'Stationary  position, 
and  this  small  bird  of  prey  is  not  in  the  least  concerned  at  our  pres- 
ence. He  reciprocates  the  protection  secured  for  him  since  Brehm  and 
other  naturalists  have  pointed  out  his  usefulness  by  undisturbedly  pre- 
cipitating himself  to  the  grass  before  our  eyes,  and,  seizing  a  grass- 
hopper, we  again  see  him  meters  above  our  heads  withonl  having 
detected  the  lea-st  flapping  t>f  his  wings  during  the  entire  performance. 


•TranslaU'il  from  fromelhtnK,  No.  220,  1893,  vol.  ' 


...C^iiglc 


ns   ^nwMi 


if-.-X'0, 

.-;>-  , 

•■  y.-*-~ 

v.-  »  .^,  - 

*-^.*  '4  u. 

*  Ay 

f"  *  :* 

*>■*  -  .,..," 

»**-^>    I* 

':'j^i; 

Xft/1  t  -^ri-/;. 

*>*'-.  •» 

I'y.Trf* .  -,  • 

*.?  '.--.■...' 

»*«.(  i4  J^r 

"f  <^.* 

(.T*V*T.' 

*  v.?  f..  .-  -, 

■!■_  -  311  r-JLT  -r^'L. 

*r  :^-  — t-r^T  ..c  «•  *r!ii:r. 
1  •'■.!.•  r:  <:=-.   ::.  c  b«  ibc 

Iff'.vw;*  iM  »  'h  »■  ;,/*,  f  -,,-■.-? .".--r*-,  x^:..,*>  Before  pfrit.tA  rmt  b-iw  it 
M  ^|/*f(*,  tr,;»»  tW^*  i,itf.  i.*nt-^-^r..',  ,:i..-'.y  th*t  th^re  n.«ij-  not  !»<;  foand 
tin<4-r  w*y*  Of  rr^i«ri<  irf'  fj/rtf.jf  jj,  H'>»*-v*-r  wfi  may  tht:nrize  on  tbe 
niit,,i4-1,  wiff,/rf,f  ;,  (,ra//;/A|  Hf,}.y,'Atititi  Iff  If'*-  ttiw.ry,  things  wfll 
TPiiiiiiu  rn>f.ti*ritt'il  i»fi'l  'rtir  fljjffir  wiM  <f»ly  '»♦'  •"  ii'ia;^'inatirtn  or  io 
tirfitiii*. 

My  frjiiriiuinl-:  Mien,  -(j'.oM  rurm  tlu^  l,rnntiri(.rt,  rhe  first  Htep  from 
ft(w«y  ((.  frffiHiii'.  tAki:  ot-hiT',  ( t<w Jiitv«, i»  'It*: iKtji'i'iii'ig, attempted 
H-idK  rioc'lijiic*  vritli  irn<viiM«  wfiiK".  '"'^  tliiH  dix-H  tint  apimrently  aid 
111  tin-  it<\  I'Ufff  iiiiift  „r  ail  Hi-I.  "f  (IlKlif.  'f'lid  murk  Ih  t«K)  high  and  not 
luiiiii-itliili'iy  itffiilriiililc,  iirxr  "iicV  fU(>l»IM"i>  "lioiild  t»e  fully  satisfied  by 
tcMlixliiijilltitf  (lid  wind  wJMi  wlit«"  "f  tli«  xism  iidaptwl  t«  flying  men. 

I''<ii('li  IHijIil   i| iiiidx  II.  iMiiu   O'cm  l-lu^  ifioutirl  ati(]  h  landing;  tlie 

0.1  iiK'i  It  iiM  dllllt'iill.  I-  '•  In  diuiKxi'oii",  and  icganiiess  of  the 

* I  liijiniil<iii»l,v  i-'iii  niltiH,  t)i»  iirtof  l>otIi  will  have  to 

I'll  iii'i|iilr<'il   jitxl   iiM  "  Io  Nianil  and  to  walk.     Anyone 

ili'Hlinii-  i.C  i<>]>n»lii)t  ^-miillj  lo  dimgiT  and  of  ruining 

III  II  li'w  »t>iuiiilM  nn>  ■  .ti.(i  iipparaliiH  ntXHl  only  exiwse 

liU  iiiiii'tihio  til  llio  w  i,y  l'iiMiiliiiriy,c(i  himself  with  its 

">i>""Ht'iii"lil.  mill  ho  liul  it  meitiiH  to  «outi-ol  an  appa- 

C.ooylc 


„==,C(Kigle 


ubjGoOgIc 


PRACTICAL  EXPEBIHENTB  IN  SOARINO.  197 

ratiis  of  from  10  to  15  square  meters  in  area,  where  other  people  can 
but  with  diffiuulty  manage  aii  open  umbrella. 

To  all  those  who,  by  their  own  experience  or  otherwise,  can  form  a 
correct  idea  of  the  difBculties  that  present  themaeWes,  the  instanta- 
ueoHS  photographs  by  Mr.  Alexander  Kriyewsky,  a«:companyiug  this 
paper,  may  be  of  interest. 

Id  continuation  of  my  formerly  published  experiments,  I  endeavor 
with  every  new  trial  to  gain  more  complete  control  over  the  wind,  and 
without  disregarding  any  necessary  precaution  I  have  already  suc- 
ceeded in  at  least  temporarily  retaJniug  a  uniform  level  and  even  in 
remaining  stationary  in  the  wind  for  a  few  seconds.  The  simplicity  of 
my  flying  machine,  which  iscontrolledby  shifting  the  center  of  gravity, 
has  compelled  me  to  avoid  strong  breezes,  which  however  might  pre- 
sumably have  aided  in  secnring  a  stationary  position.  During  my  con 
tinned  flights,  however,  I  have  been  at  times  surprised  by  a  sudden 
increase  in  the  force  of  the  wind  which  either  carried  me  upward  almost 
Iicrpendicularly  or  supported  me  in  a  stationary  position  for  a  few 
seconds  to  the  great  delight  of  the  spectators. 

The  freedom  from  accidents  in  these  apparently  daring  attempts  may 
be  considered  proof  that  the  apparatus  already  described  offers  ample 
security  in  carrying  out  my  plan  of  investigation. 

To  those  who,  from  a  modest  beginning  and  with  gradually  increased 
extent  and  elevation  of  flight  have  gained  full  control  over  the  appa- 
ratus, it  is  not  in  the  least  dangerous  to  cross  deep  and  broad  ravines. 

It  is  a  difficult  task  to  convey  to  one  who  has  never  enjoyed  aerial 
flight  a  clear  perception  of  tlie  exhilerating  pleasure  of  this  elastic 
motion.  The  elevation  above  the  ground  loses  its  terror,  because  we 
have  learned  by  experience  what  sure  dependence  may  be  p'aced  upon 
the  buoyancy  of  the  air.  Gradual  increase  of  the  extent  of  these  lofty 
leaps  accustoms  the  eye  to  look  unconcernedly  upon  the  landscape 
below.  To  the  mountain  climber  the  uncomfortable  sens^ation  experi- 
enced in  trusting  his  foot  into  the  slippery  notcli  cut  in  the  ice  or  to  a 
treacherous  rubble  above  deep  abysses,  with  other  dangers  of  the  most 
terrifying  nature,  may  often  tend  to  lessen  the  enjoyment  of  the  mag- 
iiiflceut  scenery.  The  dizziness  caused  by  this,  however,  has  nothing 
in  common  with  the  sensatJon  experienced  by  him  who  trusts  himself 
to  the  air;  for  the  air  demonstrates  its  buoyaucy  in  not  only  separating 
him  fh>m  the  depth  below,  but  also  in  keeping  him  suspended  over  it. 
Besting  upon  the  broad  wings  of  a  well-tested  flying  machine,  which, 
yielding  to  the  least  pressure  of  the  body,  obeys  our  directions;  snr- 
rouuded  by  air  and  supported  only  by  the  wind,  a  feeling  of  absolute 
safety  soon  overcomes  that  of  danger. 

One  who  has  already  practiced  straight  flights  for  some  time  will 
naturally  endeavor  to  next  guide  his  apparatus  in  a  lateral  direction, 
and  indeed  there  is  nothing  easier  than  the  guiding  of  the  aerodrome, 
which  is  accomplished  by  shifting  the  center  of  gravity.    The  steering 
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J.I'  >'ii['..'  :.■ ' .  lltf^iiu-  ui'«-  j-wfii'fttwifVtc"  u  rwniMirrit  }Knfg*wn;.'T4-_  TBif 
jt>w-«tfl  Uirnttl  intt.  (/ 1.  w»k»-  (HMMirisKiL  uuriii^  it  imiih.  Xwoi  titf  ^s^Nn 
^.|>«   jtiuMi   tUwwiiCi   tiuriu;   u  culm  ui  mu  uu^rlc  <f!  -h-imi  )'^  t^i  94*=. 

*iH>>>rtii  Tiiif  mwil^'ut-  liul  *fci"t>  tiniT-v  r  l.ij-wiiMl  Thit-  mcitiMwd  tie 
tjum-.n..*  «iutli'i«i-i,',>  T(i>  «u'-Mi  wi  'rf  iiiirt'  '.ji*'  luK-  (ri  -^i^'ik-  f  :iri:i.    Sftrti 

J*ft;l'.'jiHd  Jw  *  t"  iTirl  JU  H  ViuML.  -wi  ".if  t'ln  41  lli+fiw*.  irtirc  ..■itltllK'd  i»ir 
tMfmtu  A.I  ■«  uiif  ^itiuii'l  !«»■  uJMU(»a  liwm  !>■»»' L-d.  ii,;>ii  "iii  nwrJiig  lil•• 
'»  ini;*  »>l.^''i"u  /  JU  IJt'lrt  liWr  aiUIUMljI.lillJ  J*  -0 -Ml .  M'lwid  S.LK^  H  ^nmdi-ny 
urtUi-jWid  »  n-uwuS  »(wi<ju»  ,iMu 

TI*  *»«W\id  iJu»v*'/,  ».i.w»'*  a   S  j!'in  Jn  »  itK-']*iriil*-  l-rtn-j-^-  jd  »iiich 

;;j-;  (.^U'/w  ■w*'t^  »;!;*:*■;  Ja  Ihm-I.  ^y  cA3»ri''.;J  ■■■>---:vau..ii  of  iJiis  the 

pt»»ty  fcajji*"/*!  ff.yt^ti  hy  Xli*:  »ii;<l  al  tiijj*^  Tlli^  i?>  >!«■«  u  in  ihe  line 
big,  tWujil*  ww^Ij  *;»j«fliai«^iitj«  -iivulil  b»r  ciiiit-njilien  «>::]y  l>y  -jiie  ftUly 
ttwih^r  wjifa  tij*;  ui-iUJtanuit^ul  tti  tlj«;  ajiiuram-.  Tb«  ii.<]«-:iii;iMe  pt«as- 
uf<!  Iiifi><'\>r  *;%ffTVru'j-'i  iu  K^^riu^  li];;li  op  iu  the  air.  nuking  above 
htiiiity  ttl'ifin^  iritl«j>rit  jar  «r  ii(>i<^.  a'-'-iiu>iiaiiie*l  only  hy  tlie  tt^luii 
M<f»i'^  iM:iji(jf(  ftoiii  tli«  «ir«M  ^uT  t)i«  a]i]>^nxu<.  i-  tcII  wi>nb  ilie  iabor 
KJVMj  t/*  tti»!  la-k  of  \n^-/tmwti  an  fcijiert. 

It<l<i»  i<"t  M^tii  at  all  iiiijM'M-il.'le  tb;)t  tlie<-oiitiiiUii)iCf  i>f  ^nchllights 
tnay  le^  to  frf^^.  enutiutum-  naiVuin  in  Hipiated  air. 

'fh*!  rt^ioihn  uf  our  fireM^nt  exjM^rim«rit-  alrt^ily  fnrui^ii  ;ui  itKltratioii 
4tf  t)i«  datertx  iff  tnei-liaiiiiral  «riiergy  tliat  must  l>e  :ul<le<l  to  tli^it  inrolve^l 
111  oltliijuc  Mraririg  lo  eiiaMe  uh  to  gain  tiiile]>fii<lfiit  hori/onial  tli<;Ut. 

Tli«  aoliitiiiii  of  till"  problem,*  however,  would  exeeed  the  purposes 
of  tlie  pnnu-iit  •  '  *  content  nn>«-]r  by  stating  that  the  coudi- 

•Uil«krijl  wl  i'fcif"!  drr  JlmuipkaTt,  XiiVMnUr,  1««. 
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tions  of  a  luolor  can  easily  be  met,  Biipposiag  that  the  propelling 
mechaaism  has  been  properly  chosen,  and  that  extraordinary  light- 
ness is  not  even  essential. 

The  interests  of  the  professional  Dight-easayer  demand  further 
experiments  in  practical  flight  and  the  gain  of  further  efBciency.  But 
even  to  those  who  only  desire  to  utilize,  as  a  means  of  spurt,  the  results 
already  obtained,  opportunities  are  ofTered  to  promote  the  interest  of 
the  problem  of  flight  and  the  way  for  a  more  reiidy  prosecution  of  the 
sabject. 

The  time  has  passed  when  every  i>er8on  harboring  thoughts  of  aerial 
Hightcan  at  once  be  pronounced  a  charlatan.  If  wemny  hope  that  our 
aeronautic  publications  are  eventually  to  be  taken  seriously  by  the 
majority  of  those  skilled  in  allied  subjects,  it  is  important  at  the  out- 
side to  awaken  the  interest  of  those  whose  natural  concern  this  great 
problem  should  be,  but  who  now  shrng  their  shoulders.  We  shall 
then  at  least  be  able  to  show  some  practical  results,  and  towar<]s  these 
ends  we  here  take  the  first  step. 
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PHENOMENA  CONNECTED  WITH  (5LOlTI>  Y  CONDENSATION  • 


By  John  Aitken,  K.  R.  S. 


In  tbe  first  part  of  tUis  commuDicatioii  1  intend  giving  tbe  results  of 
an  investigation  into  the  pbenomena  connected  with  the  cloudy  con- 
densatioD  pn)duce<l  when  a  Jet  of  steam  mixes  with  ordinary  air,  with 
special  reference  to  the  marked  change  which  takes  place  in  the  appear- 
ance of  the  jet  b;  electriflcatioD  and  other  causes.  In  the  second  part 
will  be  given  tbe  results  of  an  investigation  into  certain  color  plie- 
notnena,  which  can  be  produced  vrhen  the  condensation  is  mudc  to  take 
l>hice  under  certain  conditions,  and  it  is  thought  that  these  experi- 
mental color  phenomena,  if  they  do  not  give  tbe  explanation  of  a 
"  green  sun,"  nt  least  enable  us  to  reproduce  it  artificially  with  the 
materials  existing  in  our  atmosphere. 

PART   I.— STEAM  JETS. 

When  a  jet  of  steam  escapes  into  the  ajr  condensation  at  once  ensues 
by  the  expansion  and  tbe  mixing  of  tbe  steam  with  the  cold  air.  The 
result  is  the  jet  becomes  distinctly  visible  by  the  light  reflected  by  the 
minute  drops  of  water  carried  along  in  tbe  mixed  gases  and  vapor. 
At  first  sight  tbere  h  little  that  is  interesting  in  the  changes  then  tak- 
ing place.  The  subject  has  therefore  attracted  but  little  attention 
and  has  been  but  little  studied.  This  is  evident  ftom  the  great  interest 
that  has  been  taken  in  the  change  produced  in  tbe  appearance  of  the 
jet  when  it  is  electrified,  yet  I  hope  to  be  able  to  show  that  this  is  only 
one  of  a  immlier  of  causes  which  alter  tbe  appearance  of  the  con- 
densing steam. 

li.  Helmholtz  was  the  first  to  show  that  when  an  ordinary  Jet  of 
steam  is  electrifietl  tliere  is  a  marked  increase  in  the  density  of  the  con- 
densation. Tlie  effect  of  the  electricity  is  certainly  very  remarkable. 
The  instant  tbe  jet  is  electrified  it  at  once  changes  and  becomes  mnch 
denser,  and  the  condensed  particles  also  become  visible  mnch  closer 
up  to  the  nozzle  from  which  the  steam  is  escaping.     For  the  couven- 

'iTrova  t]ie  Proeudingi  0/  the  lloyal  Sucielif,  April  3S,  1692;  vol.  Lt,  ]>[>.  403-433. 
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ienee  of  description  we  shall  call  tliis  second  form  orcotidfiiMiitionffense 
condensation,  while  that  usually  observed  we  Bhall  call  ordinary  con- 
densation. y<)t  tliut  there  is  any  hard  and  ^t  line  between  these  two 
forms,  as  the  one  may  be  made  to  change  by  imperceptible  degreeR 
iuto  the  otiier.  AH  that  is  meant  is  that  the  one  is  dense  compared 
with  the  other. 

One  result  of  this  investigation  is  that  in  addition  to  electrification 
of  the  .jet,  there  are  four  other  ways  in  which  the  ordinary  condensa- 
tion may  be  changed  into  the  den»e  form.  These  Ave  ways  of  changing 
the  onliiiary  into  the  dense  form  of  condensation  are: 

1.  Electrification  of  the  jet, 

3.  An  increane  in  the  number  of  dust  nuclei. 

3.  Cold  or  low  temperature  of  the  air. 

4.  High  pressure  of  the  steam. 

5.  Obstnictions  in  front  of  the  jet  and  rough  or  irregular  nozzles. 
We  shall  now  describe  some  experinienta  to  illustrate  each  of  these 

different  ways  of  causing  the  ordinary  condensation  to  change  and 
take  the  deiiRe  form,  in  the  experiments  to  be  describe4l,  the  steam 
was  generally  generated  in  a  copper  boiler,  which  could  be  pressed  up 
to  fiilly  one  atmosphere.  The  nozzle  from  which  the  steam  escaped 
was  pla^'ed  at  some  distance  from  the  boiler  to  prevent  the  hot  gases 
influencing  the  jet.  The  steam  was  conveyed  by  means  of  a  metal 
pipe  to  the  nozzle,  and  a  water  trap  was  plaeed  near  the  end  of  this 
pipe  to  prevent  the  irregularities  which  would  be  produced  if  the  water 
condensed  in  the  pipe  weie allowed  to  iSHue  from  the  nozzle.  The  noz- 
zle generally  used  was  made  of  brass,  carefully  bored  Ut  a  diameter  of 

1 '.,  the  diameter  of  the  Iwre  widening  inwards,  while  the  outside  of 

tlie  nozzle  was  turned  to  a  fine  edge  in  front.  With  this  apparatus 
nmst  of  the  esperiments  were  made,  but  occasionally  glass  vessels  and 
nozzles  were  use4l,  as  well  as  vessels  and  nozzles  of  otiier  materials,  but 
with  no  marked  differeni-e  in  the  results. 

1.  Elect rijication. — In  the  experiments  with  ele<'tricity  only  steam  of 
a  low  pressure  should  be  used.  The  reason  of  this  will  be  understood 
from  what  follows  under  division  4.  In  these  experiments  slight  electri- 
iication  was  used,  as  only  an  old  fashioned  cylinder  electrical  machine 
was  available  for  the  purjKiBe,  and  in  the  damp  atmosphere  produced 
by  the  steam  Jet  the  electrification  was  only  capable  of  giving  a  spark 
of  about  1"".  or  generally  less. 

The  necessary  condition  for  the  electricity  producing  any  etfecton  tho 
jet  is  that  the  particles  in  the  jet  be  electrifte<l  either  by  direct  dis- 
charge or  by  an  induction  discharge.  The  mere  presence  of  an  elec- 
trified bo<ly  near  the  jet  has  no  influence  whatever.  In  order  that 
it  may  have  an  effet^t,  the  electrified  body  must  terminate  in  a  point 
placed  near  the  jet,  and  the  |K)tential  must  be  great  enough  to  cause  a 
Jiseharge  of  the  electricity  to  the  jet.     When  this  takes  place,  the  jet 
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atouce  bucomes  dense  and  rematDs  in  tliatcouditioawliilo  the  discbarge 
continues.  The  plectrified  body  may  however  electrify  the  jet  by 
Induction.  If  for  inataDce  the  electrified  body  be  a  sphere,  and  tile 
nozzle  from  which  the  steam  is  issuing  be  pointed,  the  electricity  dis- 
charged by  the  nozzle  will  electrify  the  particles,  and  the  condensation 
becomes  dense.  But  if  the  nozzle  be  not  pointed,  then  the  presence  of 
the  electrified  body  produces  no  change,  as  there  is  no  discharge  of 
electricity.  But  if  now  we  bold  a  needle,  or  other  pr)iuted  conductor 
near  the  jet  issuing  from  the  rounded  nozzle,  it  at  once  becomes  dense 
by  the  induction  discharge  from  the  iwint.  In  place  of  a  point  in  tbe 
last  experiment,  wo  may  use  a  Hame ;  i  n  fact,  we  may  use  any  influence 
which  will  enable  the  electrified  body  to  electrify  the  particles  iu  the 
jet. 

Another  way  of  making  this  experiment  is  to  insulate  the  boiler,  and 
electrify  it.  If  the  nozzle  be  jiointed,  the  jet  becomes  dense  on  electri- 
ficatiou;  but  if  it  be  rounded,  the  clectriacatiou  has  no  effect.  If,  how- 
ever, we  bring  a  neetlle  or  a  flame  near  tbe  rounded  nozzle,  the  jet 
becomes  dense.  To  get  no  effect  from  the  electrification  it  is  neceasivry 
that  tbe  nozzle  be  a  ball  of  some  size,  the  orifice  through  which  the 
steam  issues  being,  of  course,  the  same  diameter  as  that  of  Ibe  ]>ointed 
jet. 

Tbe  effect  of  the  elet^trtttcation  has  been  studied  by  B.  Elclmholtz  and 
by  Mr.  Shelford  Bidwell,*  but  neither  of  them  seems  to  be  satii^fied 
with  any  explanation  offered.  Mr.  Bidwell,  from  a  spectroscopic  exam- 
ination of  the  light  transmitted  through  the  jet  under  the  two  condi- 
tions, came  to  the  conclusion  that  in  the  dense  condition  tbe  particles 
were  larger  than  in  the  ordinary  form  of  condensation;  and  he  thinks 
that  the  increase  in  size  is  due  to  the  electricity  causing  the  small  drops 
of  water  to  coalesce  and  form  larger  drops.  In  support  of  this  explana- 
tion, he  quotes  Lord  Rayleigh's  experiments  on  the  coalescence  of  drops 
in  water  jets  while  under  tbe  influence  of  electricity.  As  Mr.  Bidwell 
does  not  put  forth  this  opinion  as  final,  there  is  less  reiLSon  for  hesita- 
tion in  stating  that  the  conclusion  I  have  come  to  is  diametrically 
oppos<!d  to  Mr.  Bidwell'n. 

There  seems  to  be  no  doubt  that  electricity  will  act  on  these  very 
small  drops  of  water  in  the  same  way  as  it  acts  on  the  drops  in  a  jet  of 
water.  That  its  action  is  similar  is  easily  proved  by  the  following 
experiment  with  mist  drops :  Take  a  small  open  vessel  full  of  hot  water — 
it  is  better  to  color  the  water  neatly  black  for  convenience  of  observa- 
tion— a  cup  of  tea  without  cream  does  very  well  for  tbe  purpose.  Place 
the  cup  on  a  table  between  the  window  and  the  observer.  On  now 
looking  at  the  cup  from  such  a  position  that  no  bright  light  is  reflected 
from  the  surface  of  tbe  liquid,  there  will  be  seen  what  looks  like  Kcum 
on  the  surface  of  the  tea.  That  scum  is,  however,  only  a  multitude  of 
small  mist-drops,  which  have  condensed  out  of  the  rising  steam  and 
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bave  fallen  on  the  surface  of  the  liquid,  where  they  are  seen  floating. 
If  DO\r  we  take  a  piece  of  brown  paper,  or  any  convenient  material,  and 
rub  it  slightly  and  bold  it  over  the  cnp,  the  "scum"  will  disapitear  at 
ODce,  and  be  replaced  by  other  drops  when  the  electrified  body  is 
removed.  As  in  Lord  Rayloigh's  experiments,  a  veiy  feeble  electrifica- 
tion is  BufBcient  to  cause  the  absori>tioD  of  the  drops  into  the  body  of 
the  liquid.  It  is  therefore  not  because  there  is  supposed  to  be  auy 
difference  in  the  action  of  electricity  on  large  and  on  very  small  drops 
that  a  different  conclusion  from  Mr,  Bidwell'a  has  been  arrived  at,  but 
because  all  the  experiments  to  be  described  point  to  the  conclusion 
that  the  dense  form  of  condensation  is  not  due  to  an  increase  in  the 
size  of  the  drops,  but  to  an  increase  in  the  number,  accompanied  of 
course  by  a  diminution  in  the  size. 

We  may  suppose  the  following  to  be  something  like  the  manner  in 
which  the  electricity  acts  on  the  jet:  In  a  steam  jet  the  rapid  move- 
ments of  the  drops  give  riKe  to  frequent  collisions,  and  these  result  in 
the  coalescence  of  many  of  the  drops,  so  that  each  drop  in  ordinary 
condensation  is  made  np  of  a  number;  but  when  the  jet  is  electrified, 
the  electrification  prevents  the  particles  coming  into  contact,  as  they 
repel  each  other,  and  the  consequence  is  we  bave  a  greater  number  of 
particles  in  a  dense  and  electrified  jet  than  in  an  ordinary  one. 

Lord  Bayleigh's  experiments  on  the  action  of  electricity  on  water 
jets  support  this  view.  He  has  shown  that  in  order  to  produce  coales- 
cence the  electrification  must  be  very  slight,  and  he  also  points  out 
that  the  coalescence  does  not  seem  to  be  so  much  due  to  electrification 
as  to  a  difference  of  electrification,  which  would  appear  to  cause  a  dis- 
charge of  electricity  to  take  place  between  the  drops,  which  ruptures 
the  films,  so  causing  contact.  Further,  he  has  shown  that  when  the 
electrification  is  strong  and  the  conditions  are  such  that  the  drops 
become  electrified,  the  effect  is  diametrically  the  opposite,  and  instead 
of  coalescence  the  particles  now  scatter  far  more  than  the  unelectrified 
drops.  Now  from  the  conditions  of  the  experiments  with  electrified 
steam  jets  it  is  evident  that  the  drops  are  electrified  and  are  in  the 
same  condition  as  the  electrified  scattering  water  jet.  We  are  there- 
^re  entitled  to  expect  that  the  electricity  will  prevent  and  not  aid  the 
coalescence  of  the  small  drops  in  the  steam  jet. 

Other  considerations  also  i)oint  to  the  increase  in  the  density  of  the 
jet  being  due  to  an  increase,  and  not  to  a  diminution  in  the  number  of 
drops.  We  know  that  if  we  blow  steam  into  air,  that  the  fewer  dust 
nuclei  there  are  in  the  air  the  thinner  is  the  condensation;  and  when 
the  dust  is  nearly  all  out  of  the  air,  only  a  fine  rain  falls  which  can 
scarcely  be  detected  by  the  unaided  eye.  Further,  the  evidence  from 
condensation  produced  by  expanding  moist  air  points  to  the  same  con- 
clusion, namely,  that  the  more  dust  particles  there  are  in  the  air  the 
denser  is  the  condensation  when  cooled  by  expant^ion,  and  the  purer 
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the  air  is  the  thinuer  is  the  cloud*  These  experiments  ail  point  to 
the  conclusion  that  the  dense  form  of  coudenaation  is  due  to  a  large 
number  of  water  drops,  and  the  thinner  form  to  a  smaller  number, 
though  of  greater  individual  size.  The  only  condition  under  which  it 
seems  probable  that  the  increase  in  number  will  not  give  rise  to 
increase  iu  density  is  wlien  the  particles  are  ho  small  that  they  are 
unahle  to  rellet;t  waves  of  any  color  of  light.  So  far  as  has  yet  been 
observed,  this  never  happens.  However  slight  the  amount  of  expan- 
sion, the  greater  number  of  particles  always  gives  the  di;nser  form  of 
condensation. 

The  action  of  the  electricity  on  the  jet  does  not  appear  to  be  any- 
thing positive ;  it  rather  seems  to  prevent  something  which  takes  place 
under  ordinary  conditions.  For  instance,  ele(^tricity  has  no  effect  in 
thickening  the  cloud  of  HO-called  steam  rising  fi'om  a  hot  and  wet  sur- 
face. The  eiectricaliy  driven  current  of  air  from  a  point  when  directed 
to  the  steaming  surface  has  no  effect  whatever  on  the  density  of  the 
condensation.  Kor  has  electricity  any  effect  on  the  st«am  rising  from 
an  open  vessel.  The  small  drops  of  water  under  these  conditions  move 
but  slowly,  and  there  is  but  little  tendency  for  them  to  come  into  col- 
lision with  each  other.  There  are  therefore  few  collisions  for  the  elec- 
tricity to  i>revent,  and  little  or  no  thickening  is  produced  by  electriBca- 
tion  under  those  conditions.  Further  on  we  shall  have  frequent  oppor- 
tunities of  seeing  that  the  dense  form  of  condensation  is  the  result  of 
an  increase  in  the  number  of  particles,  and  that  whatever  gives  rise  to 
an  increase  in  the  number  causes  an  increase  in  the  density. 

When  the  jet  is  electrified  and  becomes  dense,  it  has  been  noticed 
by  others  that  it  emits  at  the  same  time  a  peculiar  sound,  and  I  tind 
that  whenever  the  jet  becomes  dense,  from  whatever  cause,  it  begins 
"to  speak."  But  when  the  density  is  due  to  electritication,  the  sound 
is  slightly  ditferent  from  the  sound  emitted  when  dense  from  any 
of  the  other  causes.  When  dense  from  cause  other  than  electri- 
fication, the  sound  is  similar  to  that  produced  by  the  jet  striking  an 
obstruction;  but  when  electrified,  the  sound  is  a  combination  of  this 
sound  with  another  due  to  the  discharge  of  the  electricity,  and  this 
second  sound  depends  on  the  manner  in  which  the  electric  discharge 
takes  place.  If  the  discharging  point  is  not  shar|i,  and  the  potential 
is  just  sufficient  to  cause  discharge,  then  the  discharge  is  not  continn- 
ons,  but  tiikes  place  at  short  intervals.  It  becomes,  in  fact,  a  series 
of  disruptive  discharges,  and  gives  rise  to  a  fluttering  noise.  This 
fluttering  sound  is  greatly  increased  if  the  point  terminates  in  a  small 
ball  of  about  1  millimet«r  diameter,  and  it  is  entirely  abolished  if  we 
use  a  very  sharp  point,  or  better,  a  flame.  The  discharge  with  either 
the  very  sharp  point  or  the  flame  is  perfectly  continuous,  aiid  nothing 
hut  the  slight  hissing  that  accompRuies  all  dense  forms  of  condensa- 
tion is  heard  when  the  jet  is  electrified. 

■  r™«».  Hoy.  Soc,  Ediaburgh,  vol.  xxx,  Part  I,  pp.  340.      .  ■Cltlglc 
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It  has  generally  been  stated  that  tbe  effect  of  the  electrification  i»  sud- 
den and  marketl,  that  whenever  the  jet  is  electrified  it  at  once  becomes 
very  deuse.  This  however  is  due  to  the  manner  in  which  the  jet  haa 
generally  been  electrified.  Some  degree  of  potential  ia  necessary  to  pro- 
duce a  discharge  from  the  point,  and  whenever  the  potential  in  high 
enough  to  cause  this,  it  is  saflicieiit  to  charge  the  drops  high  enough  to 
give  rise  to  a  very  dense  condensation.  But  if  we  make  the  discharg- 
ing point  extremely  fine,  or  assist  the  discharge  by  means  of  a  flame, 
then  we  may  begin  with  eleetricity  of  a  very  low  potential,  and  the 
increase  in  the  density  may  he  made  to  begin  J>y  almost  imperceptible 
degrees  and  to  increase  slowly  to  the  dense  form  by  gradually  increas- 
ing the  potential. 

We  shall  for  the  present  leave  the  question  of  the  effect  of  the  ordi- 
nary and  the  dense  forms  of  condensation  on  the  light  transmitted 
through  them,  as  it  will  be  better  discussed  after  we  have  considered 
all  the  ways  in  which  the  jet  may  be  made  dense,  and  we  shall  now 
pass  on  to  consider  the  second  of  those  given  in  our  list. 

3.  Alt  increase  in  the  number  of  dv»t  nwelei. — it  has  been  noticed 
by  previous  observers  that  a  flame  brought  near  the  jet  tended  to 
make  the  condensation  dense;  but,  in  describing  the  experiments,  a 
confusion  has  generally  been  made  between  the  flame  and  the  pro- 
ducts of  the  <^ombnstion  taking  place  in  the  flame.  So  far  as  1  have 
been  able  to  observe,  flame  has  no  effect  on  the  density  of  conden- 
sation. N^elther  a  luminous  flame  nor  the  flame  of  a  Bunsen  boruer 
has  any  effect  so  long  astheproductsof  combustion  are  kept  away  from 
the  jet.  But  if  the  products  are  drawn  into  the  jet,  they  have  a  very 
marked  effect  either  in  increasing  or  decreasing  the  density.  If  the 
flameiis  near  and  the  gases  are  hot,  they  make  ttie  jet  nearly  invis- 
ible, but  if  the  gases  are  cooled  or  are  not  in  great  quantity,  then  they 
make  the  jet  as  dense  as  if  it  were  electrified.  The  simplest  way  of 
studying  this  latter  effect  is  to  bring  the  products  of  combustion  to 
the  jet  by  means  of  a  metal  tube  2  or  li  centimeters  in  diameter,  and 
about  half  a  meti-r  long.  A  small  flame  about  half  a  centimeter 
high,  placed  below  the  level  of  the  jet,  is  used.  One  end  of  the  tube  is 
kept  over  the  flame  while  the  other  can  he  brought  near  the  nozzle. 
It  will  be  found  that  when  brought  into  that  position  the  jet  will  at 
once  become  dense,  and  when  it  is  removed  it  will  return  to  its  ordi- 
nary condition,  and  become  dense  again  with  every  return  of  the 
impure  gases. 

The  increase  in  density  in  this  case  is  due  to  the  greater  number  of 
dust  particles  in  the  gases  offering  a  greater  number  of  nuclei  for  con- 
deusation,  and  the  result  is  a  great  increase  in  the  number  of  water 
particles  and  consequent  thickening  of  the  condensation,  a  result 
which,  as  has  already  been  stateil,  the  author  proved  some  years  ago. 

The  change  in  the  api>earance  of  the  jet  when  the  products  of  com- 
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bustinn  are  brought  to  it  is  exactly  the  same  as  that  produced  by 
electrification.  The  whole  jet  becomeR  dense,  the  condensed  particles 
are  visible  nearly  up  to  the  nozzle,  and  the  jet  makes  the  same  sound 
a^  when  electrified  by  silent  dist^harge,  and  further,  electricity  of  the 
lK>tential  used  does  not  make  it  any  denser. 

It  seetns  probable  that  the  very  great  number  of  dust  particles  in 
tlie  products  of  combustion  act  in  two  ways:  first,  by  supplying  a  great 
number  of  imelei,  and  second,  as  the  number  is  greater  the  drops  will 
be  smaller,  and,  on  account  of  their  small  size,  they  will  have  less  inde- 
pendent motion,  as  they  will  be  more  guided  by  the  gases  than  larger 
drops;  there  wdl  therefore  be  fewer  collisions,  and  not  the  same 
tendency  to  the  diminution  of  numbers  by  the  coalescence  of  a  number 
of  drops  into  one.  It  may  be  beeanse  of  the  small  number  of  the  col- 
lisions when  the  particles  are  small  that  electricity  has  little  or  no 
eH'ect  on  the  Jet  when  it  in  dense  from  a  large  supply  of  miclei.  It  is 
possible  that  some  of  the  increased  density  produced  by  the  products 
of  combustion  may  be  due  to  the  t^ltght  electrification  of  gaxex  from 
flames.  But  as  the  electrification  from  this  source  is  very  slight,  its 
effects  will  be  extremely  feeble  indeed  when  the  dust  particles  are 
developed  to  the  size  of  dn>ps,  so  that  the  electricity  from  this  source 
is  not  likely  to  have  much  etfect. 

.S.  Cold  or  low  temper  at  lire  of  the  air, — We  now  come  t^i  the  third 
cau.^^o  of  the  dense  form  of  condeunation,  namely,  low  temperature 
of  the  air.  At  first  sight  it  may  apiiear  that  the  above  statement 
contains  an  already  well  known  fact.  But  while  in  a  certain  sense 
this  is  so,  yet  there  is  on*  point  of  great  iinjtortance,  which  (so  far 
as  I  am  aware]  has  not  previouNly  b<ren  observeil.  If  we  were  asked 
to  state  what  is  the  cfTect  of  the  temperature  of  the  air  on  condensa- 
tion of  the  jet,  we  probably  would  say  that  when  the  temperature 
of  the  air  is  high  the  condensation  ts  very  transparent,  owing  to  there 
being  less  vapor  condensed  and  to  its  rajtid  re-evaporation;  and  that 
when  the  teinpeniture  Itecamc  lower  and  lower  the  jet  gradually 
tldckens  as  the  temperature  falls,  owing  to  the  greater  amount  of 
condensation  caused  by  the  <;older  air.  Such  »  destrription  is  far  from 
a  full  statement  of  the  facts  regarding  the  changes  in  appearance  with 
the  fall  in  temperature,  and  the  explanation  is  correspond  ingly  faulty. 
There  is  an  influence  at  work  in  the  condensing  Jet  which,  thongh  due 
to  temperature,  is  of  far  n)ore  importance  than  the  effect  of  the  tem- 
perature on  the  amount  of  steam  condensed. 

When  I  first  encountered  this  new  influence  it  greatly  puzzled  me. 
I  had  opened  the  window  of  tlie  room  where  the  experiments  were 
being  made,  and  when  the  fresh  air  came  in  the  jet  began  to  behave 
Itself  in  a  most  uncertain  way.  At  one  moment  it  was  quite  steady 
ordinary  condensation,  and  the  next  it  would  conduct  itself  as  if  elec- 
trically excited.     Even  after  the  window  was  closed  it  continiud.ti)^ 
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change  from  the  ordiuary  to  the  deuse  form  of  condensation  in  a  puz- 
zling way.  It  was  first  thought  thut  outer  air  might  be  electrified,  aud 
tests  were  accordingly  made  to  see  if  this  were  the  case.  These  tests 
showed  th»t  if  it  were  electrified  it  could  be  so  but  slightly,  as  it  did 
not  affect  a  gold-leaf  electroscope,  which  it  would  re(]uire  to  have  done 
to  have  produced  the  increased  density  observed  in  the  steam  jet. 
Electricity  an  the  solution  of  the  difficulty  bad,  therefore,  to  l>e  aban 
doned.  Tbc  only  other  intluenee  I  could  think  of  as  likely  to  cause 
the  elt'ectwas  some  unknown  effect  of  cold.  I  therefore  took  the  metal 
tube  which  had  beeu  used  iu  a  previous  experiment  for  conveying  the 
products  of  combustion  from  the  flame  of  the  jet  and  cooled  it.  On 
now  presenting  one  end  of  this  cold  tube  to  the  jet  it  at  once  responded, 
and  the  condensation  became  as  dense  as  if  a  flame  had  been  at  the 
other  end  of  tbc  tube,  or  as  if  the  jet  had  been  electrified. 

This  etlcct  was  all  the  more  surprising  since  there  was  no  great 
difl'ereuce  between  the  temperature  of  the  air  in  the  tube  and  that  of 
the  room, — not  more  tbau  10°  F.  ^me  ex]>eriments  were  therefore 
made  to  find  out  the  temperature  at  which  this  change  takes  place, 
and  to  see  if  it  was  as  sadden  as  it  appeard  to  be.  The  jet  was 
supplied  with  air  cooled  iu  a  pipe,  which  was  surrounded  with  water 
for  regulating  the  temperature  of  the  air.  The  steam  nozzle  was 
placed  just  inside  one  end  of  the  pipe  and  pointing  outwards,  so  that 
the  jet  drew  its  supply  of  air  out  of  the  tube.  No  very  satisfactory 
results  were  got  with  this  apparatus.  It  may  however  be  mentioned 
that  when  the  air  was  cooled  the  jet  somewhat  suddenly  became  dense, 
and  again  became  ordinary  when  the  temperature  was  slightly  raised; 
but  with  the  apparatus  it  was  difficult  to  say  what  the  tem|>erature  of 
the  air  really  wiis  when  the  change  took  place. 

Another  method  of  studying  tbe  effect  of  temperature  on  the  den- 
sity was  trietl  with  fair  success.  The  nozzle  was  fitted  to  the  end  of  a 
horizontal  pipe;  the  nozzle  also  being  pointed  horizontally.  For  this 
es|>erimeut  a  morning  was  selected  when  the  temperature  of  the  room 
was  low.  When  the  ex|>eriments  began  the  t<>mi»eratiire  was  40°  F. 
At  this  tem|>erature  the  jet  was  always  dense,  and  neither  elecmficu- 
tion  nur  the  products  of  combustion  increased  its  density.  Tbe  room 
was  now  slowly  heated,  and  the  Jet  watched  while  the  temperature 
rose.  Up  to  a  temperature  of  4<P  no  change  took  place,  and  Ihe  jet 
was  not  made  denser  by  electricity  nor  by  the  pr^Klncts  of  combustion. 
But  when  the  temperature  rose  to  47°  the  jet  began  to  show  signs  of 
clearing.  The  clearing  did  not  however  take  place  regularly;  one 
moment  the  jet  was  dense  and  the  next  itwasonlinary.  These  fluctua- 
tions would  be  due  to  the  unequal  temperature  of  the  air  coming  to  tbe 
jet.  At  one  moment  the  air  would  be  the  air  of  the  temperature  of 
tbe  room;  tbe  next  would  be  this  air  slightly  heated  by  the  metal  pipe 
and  nozzle.  So  that  when  tbe  jet  drew  its  supply  of  air  horizontally 
its  condensation  was  ordinary,  and  wlien  the  air  currents  in  the  room 
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preveat«d  tbm  heated  air  fi-oineurniii(>:  tu  ttie  jet  its  voQdeiisatioii  waa 
dense. 

A  slight  alteration  was  theu  made  in  tbearraiigeiiient.  The  jet  was 
now  directed  downward  at  the  end  of  the  horizontal  pi[>e.  By  this 
meauB  the  air  heat«d  on  the  pipe  and  nozzle  was  prevented  from  mixing 
with  the  jet.  The  jet  was  directed  at  a  small  angle  from  the  vertical 
to  prevent  the  hot  air  and  vapor  of  the  jet  rising  to  the  nozzle.  With 
this  arrangement  the  following  was  the  result:  Up  to  a  temperature  of 
460  the  condensation  wsw  dense,  and  neither  electricity  nor  the  products 
of  combustion  had  any  effect  on  the  density;  butwhen  the  temperature 
rose  to  about  47°  electrification  began  to  have  just  a  perceptible  effect 
in  increasnig  the  density.  At  about  48°  the  electricity  had  an  easily 
observed  effect,  and  the  products  of  combustion  also  hud  a  slight  effect. 
At  a  temperature  of  50<>  the  jet  had  become  decidedly  thinner,  and 
both  electricity  and  the  products  of  combustion  had  a  decided  effect 
in  increasing  its  density.  When  the  temperature  rose  to  55'^  tlie  jet 
lost  iis  dense  iipjteiirance,  and  both  electricity  and  the  pnxlucts  of  com- 
bustion had  a  very  marked  effect. 

It  might  be  thought  that  by  observing  a  steam  jet  in  the  open  air  we 
coald  tell  if  the  temi^rature  of  the  air  was  above  or  below  a  certain 
point.  This  however  cau  only  be  done  in  a  very  rough  way,  as  the 
conditions  are  variable  and  not  within  our  knowledge.  We  would 
require  to  know  the  pressure  of  the  steam  and  the  degree  to  which 
the  air  was  heat«d  by  the  pipe.  In  a  general  way  it  may  be  stated 
that  in  the  open  air  a  steam  jet  looks  dense  if  the  temperature  be  below 
60°,  and  oniinary  if  above  55'^,  But  it  is  often  difficult  to  say  what  is 
ordinary  and  what  is  dense  condensation,  unless  the  observations  are 
made  carefully  and  by  examining  how  close  to  the  nozzle  the  particles 
are  visible.  Of  course,  if  we  could  electrify  the  jet  or  supply  it  with 
the  products  of  combustion,  we  could  tell  whenever  the  tem|>erature 
was  over  or  under  47°. 

The  sudden  alteration  in  the  appearance  of  the  jet  when  supplie<I 
with  air  at  a  temperature  of  46°  points  to  some  change  iu  the  intluences 
in  action  in  the  condensing  jet.  The  great  increase  in  density  can  not 
be  duo  to  an  increase  in  the  amount  of  vapor  condensed,  as  the  fall  in 
the  temperature  is  slight.  Further,  it  will  be  observed  that  the  jet 
has  ceased  to  be  infloenced  by  electricity  and  by  the  products  of  com- 
bustion. The  only  explanation  I  could  think  of  was  that  at  the  tem- 
perature'of  the  mixed  cold  air  and  steam  some  alteration  had  taken  place 
in  the  surface  films  of  the  water  drops.  The  jet  looked  as  if  something 
came  into  action  at  that  temperature  which  prevented  the  drops  coa- 
lescing when  they  came  into  coUision,  or  what  would  amount  to  the 
same  thing,  that  at  high  temperatures  there  was  no  tendency  for  the 
drops  to  recoil  after  impa(^t,  and  that  when  the  temperature  fell  this 
property  made  its  ap|iearance  and  prevented  contact  iu  the  same  way 
as  we  have  supposed  the  electrification  does.  ,  , 
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The  t)imi>lest  way  of  testiog  tbid  cxplanatiun  was  to  repeat  Lord 
Bayleif;h'»  experiment  with  water  iets,  but  in  place  of  uold  water  using 
hot.  The  result  is,  the  exijeriment  entirely  confirms  this  explanation. 
S»  long  IIS  the  water  in  tlie  jet  in  above  a  certain  temperature  there  is 
no  scattering  whatever,  bnt  perfect  coalescence  of  the  drops  on  cou- 
tact.  As  a  consequence  the  jet  is  nnt  influenced  in  the  slightest  degree 
by  the  presence  of  an  electrified  body.  It  is  only  after  the  tempera- 
ture falls  below  a  certain  i>oiut  that  the  scattering  commeaces  and 
electricity  begins  to  have  an  influence. 

This  exjieriment  shows  that  it  is  only  when  the  drops  are  below  a 
certfiin  temperature  that  their  surface  Blins  act  in  the  way  we  are 
accustomed  to  observe  at  ordinary  temperatures — that  is,  repel  e^ch 
other;  and  that  when  the  temperature  is  high  there  is  an  entire  change, 
and  the  surface  films  no  longer  repel,  but  coalescence  of  the  drops  takes 
place  at  each  collision.  It  will  be  noticed  that  the  point  here  is,  uot 
the  Hppearance  of  any  new  influence  with  the  low  temperature,  as  the 
films  are  then  in  the  condition  with  which  we  are  acquainted ;  it  is  at 
the  high  temperature  that  the  new  condition  crimes  into  action  and 
the  films  lose  the  resisting  action  with  which  we  are  acquainted. 

Now,  it  seems  extremely  probable  that  the  change  in  the  appearance 
of  the  steam  Jet  when  the  temperature  of  the  air  is  lowered  is  due  to 
the  temperature  of  the  jet  falling  to  the  temperature  at  which  this  repul- 
sive action  makes  its  a[>|)earance. 

There  is  however  an  ex|»erimeMtal  link  wanting  to  bind  these  two 
phenomena  together,  which  I  have  desiretl  to  complete,  but  unfortu- 
nately expcriinentat  difilcultics  stripped  the  way.  The  link  wanting  is 
some  experimental  proof  that  the  jet  gets  dense  at  the  same  temper- 
ature that  the  water  jet  begins  to  scatter.  On  attempting  to  take  the 
temperature  of  the  jet  difliciiltiej*  presented  themselves.  If  it  is  to  be 
taken  with  a  thermometer,  where  is  it  to  be  plaeedt  A  very  slight 
change  in  the  |>o9ition  of  the  bulb  of  a  thermometer  placed  in  the  jet 
gives  a  difltereiit  reading.  It  does  not  matter  whether  the  change  be 
made  nearer  or  further  from  the  center  of  tlie  jet  or  nearer  or  further 
from  the  noz/Ae.  In  all  cases  a  very  slight  change  gives  a  considerable 
difference  of  temperatui-e.  It  may  however  be  stated  that  when  the 
bulb  was  plact^l  in  the  center  of  the  jet  and  near  the  nozzle  it  showed 
a  temperature  of  about  130°,  but  that  figure  can  only  be  looked  upon 
as  a  very  rough  approximation  to  the  true  temperature. 

One  or  two  attempts  were  however  made  to  find  the  temperature  at 
which  water  films  ceased  to  have  any  repulsive  action.  This  was  done 
by  means  of  a  small  water  jet,  and  it  was  found  that  above  155°  there 
was  no  scattering.  It  was  not  till  the  temperature  fell  below  that 
point  that  electrification  had  any  effect.  This  was  the  tem|>erature  of 
the  drops  themselves,  not  of  the  supply  for  the  jet,  and  it  may  not  be 
quite  accurate,  as  the  drops  tend  to  cool  very  quickly.  Another  method 
of  finding  this  teiiqierature  was  to  observe  the  highest  temperature  at 
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which  the  mist  drops  floated  on  water  id  the  experiiuent  prerioasly 
described.  This  method  is  not  very  satisfactory,  ou  accoant  of  the  dif- 
flealty  of  seeing  the  drops  when  the  temperature  is  high,  owing  to  the 
amount  of  condensed  steam  hanging  over  the  water.  It  is  also  difficult 
to  keep  the  suiface  of  the  water  clean.  The  tests  by  this  method  gave 
a  temperature  considerably  higher  than  that  given  by  the  water  jet- 
Neither  of  these  methods  however,  promises  to  give  satisfactory  infor- 
mation on  this  point ;  but,  if  it  were  desired,  the  effect  of  temperature 
ou  the  conta<;t  of  films  could  be  studied  in  a  more  accurate  way. 

It  is  difficult  to  imagine  any  sadden  change  in  the  action  of  the  films 
at  or  about  the  temperatures  indicated.  There  is  no  corresponding 
change,  so  far  as  I  am  aware,  in  the  surface  teusion.  We  might  picture 
to  ourselves  the  change  to  be  brought  about  by  the  alteration  which 
takes  plac«  iu  the  interveuing  gases.  When  the  drops  are  cold  the 
bounding  surfaces  are  water  and  air  with  very  little  vapor  iu  it.  And 
perhaps  we  may  be  permitted  to  assume  that  the  surface  film  has  a 
layer  of  air  condensed  on  it,  and  it  may  be  this  condensed  layer  of  air 
which  prevents  contact  when  the  drops  come  into  collision.  Bat  when 
the  temperature  is  high  the  conditions  are  changed.  The  bounding 
surfaces  are  now  water  and  air  with  a  large  amount  of  vapor  in  it,  and 
this  vapor  may  play  an  important  part  in  bringing  about  the  contact, 
by  the  violent  inten:bange  of  water  molecules  taking  place  at  the  sur- 
faces of  the  films  and  weakeniug  the  condensed  films  of  air.  If  this 
explanation  be  correct,  then  there  is  really  no  sudden  change  in  the 
action  of  the  films,  and  the  repulsion  is  a  gra<lually  increasing  one  with 
fait  of  temperature.  Though  a  somewhat  sodden  change  in  the  appear- 
ance of  this  Jet  might  seem  to  indicate  a  sudden  change  in  the  action 
of  the  films,  yet  the  change  may  be  really  a  slowly  increasing  one,  and 
the  sudden  change  in  the  appearance  of  the  Jet  may  be  due  to  the 
repulsion  rising  to  such  an  amount  that  the  very  small  particles  are 
prevented  from  coalescing.  If  the  relative  temperatures  given  for  the 
coalescence  of  water  drops  and  mjst  drops  be  correct,  then  the  grad- 
ual rise  in  the  repulsion  with  fall  in  temperature  may  be  the  explana- 
tion of  why  the  drops  in  a  water  Jet  coalesce  at  a  lower  temperature 
than  the  mist  drops  on  the  surface  of  water.  The  water  may  require 
to  be  cooled  to  a  lower  temi)erature  before  the  repulsion  is  sufficient  to 
prevent  the  heavier  drops  from  coalescing,  while  the  less  repulsion  at 
the  higher  temperature  may  be  sufficient  to  prevent  the  lighter  mist 
drops  th>m  coming  into  contact.  The  same  explanation  helps  to  account 
for  the  increased  density  produced  by  increasing  the  dust  particles,  a 
.  less  repulsion  being  sufficient  to  protect  the  excessively  small  drops. 

The  explanations  we  have  here  ofi'ered  of  the  aetion  of  electricity  and 
low  temperature  are  in  complete  agreement.  In  ordinary  condensation 
when  the  temperature  of  the  air  is  high  there  is  no  surface  repulsion, 
owing  to  the  high  temperature  in  the  Jet,  and  many  of  the  particles 
coalesce  on  collision  with  each  otberj  but  when  the  drops  are  electri- 
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fled  tUetie  mutual  repulsions  preveut  contact,  and  the  result  is  a  large 
increase  in  tlie  number  of  drops  aud  a  dense  form  of  condensation.  On 
the  other  hand,  when  the  temperature  is  lowered,  surface  film  repulsion 
comes  into  action,  contact  is  prevented,  and  the  drops  do  not  coalesce 
on  collision,  and  the  result  is  exactly  the  same  as  if  they  were  electrified. 
In  tbe^e  remarks  no  reference  has  been  made  to  the  effect  of  the  dry- 
ness of  the  air  on  the  density  of  the  condensation.  It  seems  probable 
that  the  relative  humidity  of  the  air  will  have  a  le«s  influence  on  the 
density  than  on  the  dui'ationof  the  jet;  that  is,  the  length  of  time  the 
drops  take  to  evaporate. 

4.  High  presHure  of  the  steam. — The  fourth  cause  of  the  dense  form  of 
condensation  is  high  pressure  of  the  steam.  If  the  temperature  be  below 
46°  the  condensation  is  dense  at  all  pressures,  but  as  the  temperature 
rises,  the  condensation  ceases  to  be  dense  if  the  pressure  of  the  steam 
below.  But  if  we  now  raise  the  pressure,  the  Jet  again  becomes  dense, 
and  the  higher  the  temperature  of  the  air  the  higlier  the  pressure  must 
be  raised  to  produce  the  dense  form  of  condensation.  The  action  of 
the  high  pressure  iu  producing  the  dense  condensation  is  more  complex 
than  any  of  the  previous  causes.  It  acts,  first,  by  the  more  rapid  move- 
ments of  the  jet  mixing  a  larger  amount  of  air  with  the  steam,  by  which 
means  a  greater  number  of  dust  nuclei  are  takeu  into  the  jet;  and,  sec- 
ond, a  lower  temperature  is  also  produced,  which  probably  brings  the 
temperature  of  the  drops  low  enough  for  the  repulsive  acti<m  of  the 
films  to  come  into  play.  But  in  addititm  to  the  elfects  of  a  greater 
amount  of  air  being  niixetl  with  the  steam,  a  third  action  here  comes 
into  play.  Owing  to  the  violent  rush  of  steam,  the  condensation  takes 
place  more  rapidly;  and  it  has  been  found  tiiat  the  more  rapidly  the 
condensation  is  effecti^l  tlie  greater  is  the  number  of  particles  forme<l. 
If  the  condensation  takes  place  slowly,  a  much  less  number  of  nuclei  are 
snflicient  to  relieve  the  super-saturation,  as  there  is  time  for  the  move- 
ments of  the  water  molecules  to  take  place;  but  if  the  rate  of  conden- 
sation be  forceil,  then  the  tension  of  super-saturation  compels  a  great 
many  more  dust  particles  to  become  centers  of  condensation.  The 
result  of  this  is,  that  with  two  samples  of  the  same  mixture  of  air  and 
steam,  if  one  of  them  he  condens&d  slowly  the  t-tonding  is  thin,  while 
if  the  other  be  condensed  ijuickly  it  is  thick.  This  action  will  come 
into  play  in  the  steam  issuing  at  high  pressure,  when  the  steam  is  rap- 
idly expandej),  cooled,  and  then  mixed  with  cold  air. 

The  incrciised  density  produceil  by  increase  of  pressurt'  also  takes 
place  somewhat  suddenly,  though  not  quite  so  suddenly  as  when  the 
density  is  produced  by  the  othercauses.  The  jet  first  gradually  thick- 
ens as  the  pressure  rises,  then  a  stage  is  arrived  at  when  it  somewhat 
suddenly  becomes  dense.  When  this  last  stage  is  arrived  at,  neither 
electrification  nor  the  products  of  combustion  cause  any  increase  iu 
th-  •" — '*■■  The  first  thickening  is  probably  the  result  of  the  qnick- 
(  ondensation  and  increase  in  the  number  of  dust  nuclei; 
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and  the  siiddeu  increase  in  density  is  probably  dae  to  tbe  temperature 
fulling  low  enough  for  the  films  of  the  drops  to  have  a  repulsive  action, 
sufficient  to  ])revent  them  from  coalescing. 

5.  Rough  nozzles  and  obstructtotu  in  front  ofjet». — If  we  use  a  nozzle 
of  irregular  form,  or  having  rougbene<l  e4ge8,  it  is  found  that  it  gives 
a  dense  condeoNation  at  a  lower  pressure  than  a  nozzle  of  circular  sec- 
tion with  smooth  bore  and  thin,  even  edges.  This  is  owing  to  the  irreg- 
ularities in  the  nozzle,  producing  etldiesin  the  jet,  and  mixing  a  greater 
amount  of  air  with  the  steam,  so  cooling  it  more  and  supplying  it  with 
a  greater  number  of  nuclei.  It,  in  fact,  acts  in  the  same  direction  as 
increase  of  pressure,  and  aids  pressure  in  producing  its  results  with 
a  less  velocity  of  stetvm. 

An  obstruction  in  &ontof  the  jet  acts  in  a  similar  manner,  if  we 
have  a  jet  of  steam  of  sueli  a  pressure  that  at  the  temperature  of  the 
air  it  gives  only  the  ordinary  form  of  condensation.  If  now  we  place 
an  obstruction  in  front  of  the  jet  so  as  to  produce  eddies,  the  conden- 
sation at  once  l>ecomes  dense.  Wind  has  also  a  somewhat  similar 
effect.  Tbe  reason  of  the  increased  density  in  these  cases  is  the  same 
as  for  the  jets  issuing  from  irregular  nozzles.  They  all  assist  the  pres- 
sure in  intensifying  the  density  of  the  condensaticm  by  lowering  tbe 
temperature  of  the  jet,  increasing  the  number  of  nuclei  and  quicken- 
ing the  rate  of  condensation. 

The  seat  of  the  stnHittpeHegs  of  the  jet. — The  seat  of  maximum  sensi- 
tiveness to  all  inltuences  tending  to  change  the  condensation  trota 
ordinary  to  dense  is  near  the  origin  of  tbe  jet  close  to  the  nozzle.  The 
different  influences,  however,  affect  tbe  jet  to  different  distances  from  its 
origin.  The  most  limiteil  in  the  range  of  its  action  is  cold,  which  only 
protluces  tbe  dense  condensation  when  it  acts  near  the  nozzle,  whereas 
some  of  the  other  influences  have  soirie  etTect,  though  a  gradually 
decreasiug  one,  to  a  distance  of  2  or  3  centimeters  from  the  nozzle. 

The  folI()wing  experiment  illustrates  the  limited  range  of  the  action 
of  cold:  A  piece  of  ice  about  2  centimeters  thick  was  selected,  and  a 
small  hole  bored  through  it.  The  ice  was  then  held  so  the  steam  jet  passed 
through  tbe  opening.  While  the  ice  was  held  at  a  distance  of  1  centi- 
meter from  the  nozzle,  almost  no  effect  was  produced,  though  much 
cold  air  from  the  ice  was  mixing  with  tbe  jet.  But  when  the  ice  was 
brought  nearer  the  origin  of  the  jet,  so  that  the  nozzle  almost  entered 
the  plane  of  tbe  ice,  the  dense  condensation  immediately  appeared. 

The  range  of  sensitiveness  of  the  jet  to  change  of  condensation  by 
obstructions  ie  also  very  limited.  It  is  only  when  the  obstruction  acts 
near  the  nozzle  that  its  ell'ect  is  great.  For  instance,  tbe  blade  of  the 
knife  resting  on  the  nozzle  with  its  back  or  edge  pointing  in  the  direc- 
tion of  the  jet,  and  depressed  so  as  to  deflect  the  jet  slightly,  causes 
the  jet  to  become  very  dense.  But  if  the  knife  acts  on  the  jet  at  a  dis- 
tance of  only  1  centimeter  from  che  nozzle  very  little  increase  in  density 
is  produced. 
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Tbe  raDge  of  action  of  electricity  is  much  greater  than  that  of  cold 
or  obstruction.  If  we  screen  the  nozzle  aud  the  part  of  the  jet  near  it 
t^m  electrificatiou,  it  will  be  found  that  at  a  distance  of  3  or  4  centi- 
meters a  slight  increase  in  density  can  be  prodaced  with  the  electrifi- 
cation used  in  these  experiments. 

The  action  of  tbe  products  of  combnstion  has  a  range  similiir  to  that 
of  electricity.  If  the  products  are  supplied  to  the  jet  at  a  distance  of 
3  or  4  centimeters  from  tbe  nozzle,  a  slight  increase  in  thickness  can 
be  detected  where  the  impure  gases  meet  the  Jet;  but  the  effect  is  very 
slight  compared  with  that  produced  when  the  gases  are  taken  in  at  the 
origin  of  the  jet. 

The  limited  range  of  the  action  of  cold  is  qnit«  what  might  be 
expected.  Sear  the  nozzle  the  temperature  of  the  jet  is  high,  and  there 
the  drops  have  no  repulsive  action ;  but  at  a  short  distance  from  the 
nozzle  tbe  temperature  is  low  enough  tj>  allow  this  repulsion  to  come 
into  action,  and  the  consequence  is  that  any  further  cooling  after  the 
temperature  is  below  a  certain  point  produces  httle  or  no  effect.  It  is 
only  when  the  temperature  is  above  this  point  that  the  cooling  has  any 
iutluence.  The  same  explanation  holds  good  for  the  limited  range  of 
the  action  of  obstructions  in  (tout  of  the  jet. 

At  a  distance  of  a  few  centimeters  from  the  nozzle  new  drops  seem 
still  to  beforming,  as  tbe  density  of  the  condensation  isslightly  increased 
by  increasing  the  snpply  of  nuclei  at  that  diistance.  The  drops  seem 
also  occasionally  to  coalesce  at  a  distance  of  3  or  4  centimeters  from  the 
nozzle,  as  electricity  shghtly  increases  the  density  of  the  condensation 
even  at  that  distance. 

PART    II.— COLOR    CONNECTED    WITH    CLOUDY    CONDENSATION. 

In  the  followhig  remarks  it  is  not  intended  to  discuss  the  many  color 
phenomena  which  are  known  to  be  connex;ted  with  cloudy  condensa- 
tion. Attention  will  be  confined  principally  to  some  new  phenomena, 
the  experimental  illustration  of  which  has  been  developed  in  the  pres- 
ent investigation. 

Before  describing  these  experiments  it  may  be  as  well  to  refer  to 
some  changes  which  take  place  in  the  constitution  of  cloudy  condensa- 
tion, both  while  it  is  forming  and  after  it  has  been  developed,  as  it  will 
be  necessary  for  us  to  keep  certain  points  in  view  while  discussing  the 
color  phenomena.  There  are  two  points  to  which  s|)e4:ial  reference  is 
required.  These  are,  first,  the  manner  in  which  the  appearance  of  the 
condensation  is  aft'ected  by  the  greater  or  less  degree  of  super-satura- 
tion, that  is,  by  the  rate  at  which  the  condensation  is  made  to  take 
place;  and, second,  tbe  changes  which  take  place  in  the  appearance  of 
this  cloudy  condensation  after  the  tendency  for  the  vapor  to  deposit  has 
stopped. 

These  two  points  may  be  best  discussed  by  taking  the  second  first. 
Suppose  we  blow  some  steam  into  the  air  inside  a  glass  vessel  and  leave 
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It  aiidUtuibed.  If  we  esamiue  tb«  cloudy  condensation  aft«r  :i  tiaie  we 
shall  flud  that  a  considerable  change  lias  taken  pla<:e  in  its  appejirance. 
The  change  ia  duo  to  two  causes.  I'art  is  due  to  the  gradual  descent 
of  the  particles,  by  which  a  clear  space  is  formed  in  the  upper  part  of 
the  vcs^l.  But  it  will  also  be  observed  that  theclouding  in  the  lower 
part  is  miicli  thiuDer  tbaii  it  was  at  first.  Probably  part  of  this  thin- 
ning is  due  to  some  of  the  particles  having  fallen  to  the  bottom  of  the 
vessel,  but  this  is  not  the  principal  cause  of  the  cliange.  The  thinning 
is  due  mainly  to  a  reduction  iu  the  number  of  particles  in  'the  air,  by 
the  smaller  particles  gradually  becoming  absorbed  by  the  larger  ones. 
This  is  caused  by  the  vapor  pressure  at  the  suifsu'e  of  small  particles 
being  greater  than  at  the  surface  of  larger  ones,  with  the  result  that 
the  smaller  particles  evaitorate  in  air  of  tlio  same  humidity  in  which 
the  larger  ones  are  condensing  vapor. 

We  are  now  In  a  position  to  understand  our  first  point,  namely,  why 
the  degree  of  super-satnration  by  which  tlie  condensation  is  produced 
should  have  an  effect  on  the  appearance  of  the  condensed  vapor.  For 
the  study  of  this  point  the  condensation  produced  by  expansion  is  the 
most  convenient,  as  it  is  more  under  our  control  than  the  condensation 
in  steam  jets.  Suppose  we  take  a  glass  flask  counccted  with  an  air  pump. 
If  we  wet  the  inside  of  the  flask  and  then  fill  it  with  unliltered  air,  the 
slightest  expansion  of  the  moist  nir  by  the  pump  will  cause  condensa- 
tion to  take  place.  But  the  density  of  the  condensation  which  can  be 
produced  by  any  degree  of  expausion  will  depend  on  the  rate  at  which 
the  expansion  is  made.  If  the  expausion  be  made  very  slowly,  thecloud- 
ing is  very  thin,  but  if  it  be  made  rapidly,  it  is  very  thick.  If  the 
expansion  be  done  slowly,  the  amount  of  super-saturation  is  only  slight, 
and  only  the  largest  dust  particles  come  into  action  as  active  centers 
of  condensation ;  and  after  a  particle  of  dust  has  once  become  a  nucleas, 
it  has  then,  in  virtue  of  its  size,  an  advantage  over  the  particles  which 
have  not  begun  to  have  vapor  condensed  on  them.  The  result  of  this 
is  tliat  so  long  us  the  degree  of  super-saturation  is  very  slight,  these 
large  particles  relieve  the  tension,  and  if  by  any  chance  other  dust 
particles  become  active  any  reduction  in  the  rate  of  condensation  allows 
the  large  particles,  after  they  have  relieved  the  tension,  to  rob  the 
small  ones  of  their  burdeu  of  water,  so  that  a  slow  rate  of  condensation 
always  produces  a  small  number  of  drops  and  a  thin  form  of  clouding. 

But  now  suppose  you  cause  the  expansion  to  be  made  rapidly;  the 
super- saturation  then  becomes  much  greater,  as  there  is  not  time  for 
the  water  molecules  to  select  a  resting  place,  and  the  small  number  of 
large  dust  particles  can  not  relieve  the  tension,  and  the  result  is  a 
much  greater  number  of  nuclei  are  forced  into  action.  And  all  these 
nuclei  continue  to  grow  so  long  as  the  super-saturation  is  kept  up,  but 
the  larger  ones  gi-ow  most.  After  the  tendency  to  condense  has  begun 
to  diminish,  those  particles  which  have  accumulated  least  are  the  first  to 
feel  the  change  and  cease  to  grow,  while  the  larger  ones  are  still  accuma- 
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lating.  But  after  tUe  tendency  to  cHiidensiitiou  liaa  ceased  altogether 
the  cliangt's  in  the  clouded  air  are  not  at  an  end.  The  smaller  drops 
begin  to  luso  their  accnmulatt'd  moisture,  while  the  larger  ones  are  still 
growing — growing  at  tlui  expense  of  tite  {gradually  dimiuishing  smaller 
ones.  This  imK-ess  ffdes  on  till  mostof  the  small  ones  have  lost  all  their 
harden  of  water,  which  has  been  absrirbcd  by  the  overgrown  larger  ones ; 
iind  ill  the  end  a  comparatively  small  number  of  drops  have  absorbed 
t'he  moisture  which  wa»  previously  distributed  over  a  vast  number  of 
jmrticles.  ■  The  larger  particles  have,  so  to  Hi>eak,  eat#u  up  tli©  smaller 
ones.  How  like  the  above  looks  to  a  page  in  tlie  "  struggle  for  exist- 
ence" in  the  animal  or  vegetable  world! 

Color pkenomena  in  steam  jets. — Steam  escaping  into  the  atmosphere 
has  been  observed  on  a  few  occasions  to  liave  the  power  of  absorbing 
certain  of  the  rays  of  light,  and  causing  the  sun,  when  seen  through 
it,  to  look  "blue"  or  '-green."  Principal  Forbes  observed  colors  in  the 
steam  escaping  from  a  safety  valve.  Mr.  Lockyer*  states  that,  wlieu 
on  Windermere,  he  saw  the  sun  of  a  vivid  green,  through  the  steam  of 
a  little  paddle  bout.  I  believe  a  few  others  have  seen  this  phenome- 
non under  similar  conditions,  but  so  far  ns  I  am  aware  no  one  has  fol- 
lowed out  the  suggestion  and  investigated  the  manner  in  which  the 
color  is  produced. 

Mr.  Hidwell,  in  his  experiments  on  the  electrificjition  of  steam  jets, 
studied  the  action  of  the  Jet  on  light  by  casting  the  shadow  of  the  jet 
on  a  white  screen,  using  for  illumination  the  lime  tight.  He  found  that 
the  :;ha<low  of  the  ordinary  jet — that  is,  the  light  transmitted  by  the 
jet — was  nearly  colorless,  but  that  when  it  was  electrifieil  the  shadow 
became  of  a  dark  orange-brown  color. 

The  color  of  the  "  green  sun  "  seen  through  steam  has  been  attrib- 
uted to  the  absorption  of  both  ends  of  the  siwctrum  by  the  aqueous 
vapor.  This  explanation  is  obvioiisly  not  the  correct  one,  as  it  will  be 
f)>nnd  that  a  niJ)derate  length  of  steam  has  no  perce|itible  selective 
absorption.  Tluongli  a  length  of  even  1  meter  of  steam  white  objects 
are  not  colored,  and  we  shall  presently  see  that  the  coloring  depends 
not  on  the  vapor,  but  on  some  actiim  of  the  small  dropsof  water  in  the 
condensing  steam. 

For  the  purpofc  of  studying  tlie  color  phenonuMni  of  steam  jets  1  have 
fiuind  it  to  be  a  great  advantage  to  surround  the  jet  by  Rolid  walls. 
When  a  jet  condenses  nniler  ordinary  eonditioiis,  the  constitution  of 
the  jet  rapidly  changes  in  its  passage  away  frniii  the  nozzle,  owing  to 
the  air  mixing  with  it;  and  it  has  been  fimnd  that  by  inc'osing  the  jet 
in  a  tube,  after  a  certain  amount  of  air  has  been  mixed  with  the  steam, 
that  the  conditions  can  he  kept  fairly  constant  for  some  length  <if  time, 
and  the  color  phenomena  taking  pljuje  can  therefore  be  more  easily 
studied  under  these  conditions.    The  tnhe  used  for  this  pur;>ose  need 
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not  be  of  auy  special  size.  For  a  iet  from  a  nozzle  of  1  millimeter  bore 
a  tabe  of  7  or  8  cetitinieterB  diameter  and  about  half  a  meter  Inilg  does 
very  well,  but  a  smaller  and  shorter  tube  may  be  used.  With  the 
larger  size  of  tube  it  may  be  necessary  to  check  the  current  through  it. 
This  !8  best  done  by  placing  a  piece  of  glass  near  the  exit  end  of  the 
tube,  the  opening  between  the  glass  and  the  end  of  the  tube  being  reg- 
ulated to  the  required  amount  by  observation.  When  n  small  jet  of 
steam  is  used  with  the  large  tube  open  at.  both  ends  too  much  air  is 
drawn  in  and  the  effect  is  much  the  same  as  if  no  tube  were  used.  The 
end  of  the  tube  has,  therefore,  to  be  closed  to  a  certain  extent,  to  pro- 
duce the  color  phenomena.  Bnt  when  high-pressed  steam  is  used,  do 
check  OQ  the  circulation  through  the  tube  is  necessary.  The  steam 
uozzle  should  be  placed  outside  the  tube  and  a  little  to  one  side,  so  that 
the  eye  can  be  brought  into  aline  with  the  axis  of  the  tube  and  a  clear 
field  of  view  obtained  while  the  Jet  plays  into  tbe  o|>en  end  of  the  tube. 
This  is  an  experiment  which  well  repays  the  trouble  of  making  it. 
When  the  amount  of  steam,  dust,  and  other  coaditiotis  are  properly 
proportioued,  the  colors  seen  are  very  beautiful.  With  ordinary  con- 
densation the  color  varies  from  a  fine  green  to  lovely  blues  of  different 
depths.  The  pale  blues  equal  any  sky  blue,  while  the  deeper  blues  are 
finer  than  the  dark  blues  seen  in  the  Bky,  as  they  have  none  of  the  cold 
hardness  of  tbe  dark  sky  blues,  but  have  a  peculiar  softness  and  fall- 
nesB  of  color. 

Suppose  now  the  tube  is  fitted  up  pointing  to  a  clouded  sky,  or 
other  source  of  light,  and  that  the  steam  jet,  under  slight  pressure,  is 
blowing  through  it.  If  the  exit  end  of  the  tube  be  open  we  shall  See 
very  little  color,  and  what  is  seen  is  only  near  the  origin  of  the  jet.  If 
now  we  partially  close  the  end  of  the  tube  with  the  glass  plate,  to  pre- 
vent the  jet  drawing  in  so  much  air,  we  shall  find  that  color  begins  to 
appear,  and  that  when  the  plate  is  properly  adjusted  the  tube  looks  as 
if  filled  with  a  transparent  colored  gas.  The  first  decided  color  to 
appear  is  generally  green,  though  I  thi:ik  I  have  frequently  seen  a  pale 
crimson  before  the  green  was  visible.  If  circulation  be  checked  still 
further,  the  color  will  change  to  blue  of  a  greater  or  less  depth,  accord- 
ing to  the  conditions. 

The  above  are  the  effects  which  may  be  looked  for  when  the  conden- 
sation of  the  jet  is  ordinary;  but  suppose  it  be  now  caused  to  change 
to  the  dense  form,  then  the  color  seen  through  the  tube  also  changes. 
I  f,  when  tbe  jet  is  condensing  in  the  ordinary  way,  and  the  transmitted 
light  is  green,  we  cause  the  condensation  to  change  to  dense,  then  tbe 
color  also  changes  and  becomes  deep  blue,  or,  if  the  ordinary  conden- 
sntion  gave  blue,  the  color  changes,  when  the  jet  is  dense,  to  a  dark 
yellowish -brown.  But  between  the  blue  and  the  yellow  there  is  always 
an  iatermediate  stage  when  all  color  disappears  and  the  light  is  sim- 
ply very  much  darkened.  Tbe  most  common  effect  of  the  change  of 
the  condensation  from  ordinary  to  dense  is  for  the  truismitted  light  to 
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*■":■--  ■>-  fi  c  vl-jr  l<^  a  Tci>f«i>!t  vuMT.  sad  a  4a«S  ^aK  ■■nri  Wv  the 

■s*_j«  «-«T.  Wc  eta  t£.*-reS>re  nose  xLt  co^or  ia  t^  t«b«  (o  chsa^ 
■  T  -^itircJini^  ti*  vt  br  a  $ap;^:y  of  fA'i  air.  by  a  i^i<p.v  of  tke  |V<od- 
•-■:•■  ■■<  ^^••i3<-  Jt.  Sir  i::=rTva-i::: J  ti.*  pressatv  of  tlw  «SeaB.  sad  by 
E.:-r-^j  «-  .^j=T^r0.3  it!  &"■:.(  "f  lb*  Dwrzy,     WV«  sbt  «f  tJbeae. 

b.  t&r  -;»-,.-;  -i-r^^r:  -r^  a.d  if  tLir  *••!-*■  WiS  S;.>f  it  rhmjes  W  yrfk>w. 

I'  :^<v  If  ^«   Vtrll    lu  Ii'-:<:  lKr«  thjt    >!.«   TrI^->«-9  {iTialacnl  by  WntX 

■>!.«*  i-r^^'A  Cf-'i«res*r:--a  *re  Cir  fn*:^  f ae. ai.<l  cu  b>(b«cnH|nrcd 
T,- - '-T  l-l.»r^  Tl^  T>- ;:.■•«■*  anr  »•••  at  all  anlise  (b«  rotawrs  or<r«eM>B- 
*"t  '•r^^  -L.-""^  ~^-f'ir  "T  ;a  *  I- ;:.•!«■  r:>G"l.  TS>c^  tbU  is  the 
r.t.'T  *-.:i  :i-  d---*  ('•L.lrii-a:,.^.  t'r»*l2«Td  l-y  e^«s  of  ibe  cashes.  y« 

tr*-i~:r:":  T-.r--^!.::  '-•  i*  tv:.>r*«l  i>f  a  i!ArkT<rl>>«^>:>>vTi.aDdaAtbe 
^  I-  *  Sit**.  :::  :_^r.:«-  r^-'^^-i-i  :■*  >i=::lir,  iLjiL.  thrrt-f  *r*.  ite  hirid  color  of 
r.'(.-Li.i*T  <-i  c-i-  :*d-r  !■>  :i.*r:«r*t5-;s^-*t:->o.  Fn>ai  witar  U^tAied  above 
:r  ■•.;:  t-r  -«»-5  iLit  »-:r«-rr:.--ry  i*  i^Ty  ».=*  of  a  t,i=.-.^T  of  iodaences 
■«i;-  i  ■^:i  -i.-.--^  :L*r  (»..:. -iirT^-ari'ta  <-f  iLr^eaa  _»«  and  make  tbc  light 
:,-»-  -c..::"l  'ir-cjii  ::  "f  a  yf"...w  br«'wa  <••:•*.  Farth«-.  tbtrre  i«  do 
•■r  ir-'.-ic  Ti.  -L  w  :Li;  f^" rrt-iTv  Ljs  a:.T  ir.iu^tsof  o;'  this  oaioiv  oo 
-_*  f^.tj  ■■:"  «■•■:»-:. -j-;«  a  tdf:^^  ■,-.*«  m  ci-::«ls.  »:.■!  w*  are  banlly 
•-=.■, T^r-i  !••  txj^t  i:  to  t»\r  a:.y  >3vb;Lr?-j^-op, a* t:.*<»>:.'li;wn8«iHler 
■»■_>  ":.  rl.<r  *Tr-ja  o >!.•!•-. -1*—  in  a  vt  ■»:*  TrrTfL5er^:i;  frv-ai  tlm^eaiMler 
■»■■...  i  «.-.  •.t^-.t-i-:.  ijkt-i  i'L*.*  ::i  r!.--,:.is:  a;.d  wr  Ljtp  swn  (hat  elec- 
ir.-  .TV  i»>  t...  ftrrx  :n  tL#  Livirr  of  the  r>''„(i*2Sj::.-a  vbea  it  tak«3 
IIlw  ::.  J  •  .w-'izv  <.f  l.->t  =.  :-:  a:r  ac-i  oiM  a:r-  T..rr«'  is ^11  aitutber 
;■  T  »i:-  L  ;»'il:>  to  :L<-  >.i-i^r  o ■B•-;u-:^>n.  If,  ia  ;h*  :i;e^ni  jrt.  the  pn>- 
j»-r"r.  •:;  "f  ■I'^-t.  jir^^i-^:*.  v'c^  atv  ^j-  b  *#  to  ^,ve  aa  e.irlifr  sta^than 
•".•:  -.:-*■,  *r.\  ;■-*  :Lr  trA::-::;:::<:il  li.bi  W  jrven,  tb<?a  the  W^^trificai- 
r...'-  =  jj  ::-»;  •':,*:._■*  ::  ^l  r-::  .».  I-ut  mjy  o:i".y  E-.ikr  i:  l>:n-.  At  pres- 
•::.•  -X  I*.  t_^r*rf  ne.  Terj-d-.i'.>:f-:;  »br;arT  t-.*  r:>?»:r;o;;T  :u  a  tbnnda- 
•-.ri-ifl  L*.-  a::r:l.::.  J  to  "I-"  with  its  <.>.>:or. 

IT*v:.--«  t^ifZ-j::L^-.Zs  titl  icj<>  ce  wr'.I  »t"»-,.:j;:;;.-d  «::h  certMD 
n-W-t  i'i^-.":Lr-»,  s*rT-a  wl.rn  il.'-nlv  o>:-..lr:-.s.i;:..a  i>  (o-Uu-*.!  by  tbe 
tYj*»:.<"'tJ  •ji  ~-:-^  iir  ia  a  iv»T:vrr.  vi-i  I  h.hf  n>:-v^r  o't-^med  any 
n-l-TS  ill  tL«r  I:  jb:  tra::;;?.::::*!  tl:r*i  lly  t;,r»»-j^-.  :ht?  o\>-,;,i^l  ,iir^  such 
AS  are  w*-!!  :a  ;L^  v:  of  stf^si  »U'n  ir.^;.'**-.)  ia  a  tobf.  It  :<«CB«d 
txtn-;:-*-"/  jO'''j  ■>  ILJH  t:.e  reaw^a  lor  tli:#  w.vj:,!  Ji^,  that  vhco  the 
eoL'ir'  ii^"''"-i>^l  I'y  ex-.>jcs:-*a  tiie  pPH-*ss  is  slow,  and  the 

parr  «:--rv  l"*  i.m  iVw  to  iirvsi-.tiv  j:;y  ct^lrT  eflW-ts.     In  a 

a«a  -i.:.':!.  i\x>;::;j.  au.l  o»*:ideasa:;on,take  i>la<w  very 

tap*  r«AS<ta  the  namlter  of  vater  (virtioW  furled  is 
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very  great.  An  experiment  was,  therefore,  arranged  in  wbicli  the  air 
coald  be  very  rapidly  expanded,  so  aa  to  produce  a  high  degree  of 
snper- saturation,  wliiuh  it  was  hoped  would  uauae  a  great  number  of 
dust  unelei  to  become  active.  To  test  this  idea,  all  thitt  was  necessary 
was  that  the  receiver  used  for  holding  the  moist  air  should  be  much 
Smaller  than  usual  in  comparison  with  the  capacity  of  the  pump,  and 
that  the  light  be  transmitted  through  some  length  of  air.  The  plan 
adopted  was  to  use  an  air  pump  of  ordinary  dimensions,  and  for  a 
receiver  a  metal  tube  closed  with  glass  ends.  The  first  apparatus  pre- 
pared for  this  experiment  was  found  to  give  satisfactory  results,  and 
the  ftlteratioDs  since  made  bave  not  been  of  any  great  advantage. 

The  apparatus  coiisints  of  a  brass  tube  2-3  centimeters  diameter  and 
about  half  a  meter  loug.  It  is  provided  with  glass  ends,  fitted  on  air- 
tight, and  is  provided  with  a  branch  pii>e  at  each  end.  One  of  these 
branch  pipes  is  connected  with  an  nir-pump,  and  the  other  has  a  stop- 
cock fixed  to  it.  This  stop-cock  is  connecte«l  with  a  pipe  for  bringing 
to  tbe  tube  tbe  air  to  be  experimented  with.  If  the  tube  be  mountetl 
horizontally,  the  particles  rapidly  fall  and  the  phenomena  are  visible 
only  a  short  time.  The  tube  is  therefore  best  mounted  vertically,  and 
with  a  mirror  placed  at  tbe  lower  end  of  the  tube  to  retie4;C  the  sky  or 
other  source  of  light  up  through  tbe  tube  to  the  eye  of  tbe  observer. 

The  air-pump  used  is  a  single  cylinder  instrument  of  3-lT  centimeters 
diameter  and  19'3  centimeters  stroke,  so  that  its  capacity  is  about  three- 
quarters  that  of  the  tube  receiver.  If  we  take  the  instrument  outride 
the  house  and  make  one  or  two  strokes  of  the  pump  to  fill  the  receiver 
with  air  of  the  pUice,  then  close  tbe  stop-cock,  and  make  a  rapid  stroke 
with  the  pump,  little  effect  is  protlaced  on  the  light  transmitted  through 
the  tube.  But  if  we  take  the  instniment  into  a  room  wbere  gas  lias 
been  burning,  so  that  the  air  is  full  of  dust  particles,  and  repeat  tbe 
experiment,  very  beaatiful  colors  are  seen  on  looking  through  tbe  tube 
when  tbe  air  is  expanded.  Or  better  still,  if  we  collect  the  gases  rising 
fi:om  a  small  flame  and  draw  them  into  the  tube,  the  result  is  a  display 
of  an  exceedingly  lovely  series  of  colors,  full,  deep,  and  soft,  in  some 
respects  reminding  one  of  polarization  colors.  As  in  tho  steam  jet,  the 
blues  are  (he  finest,  and  tbe  tube  looks,  at  times,  us  if  filled  with  a 
solution  of  Prussian  bine.  The  colors  produced  in  this  way  are  more 
uniform  and  equal  in  all  parts  than  those  seen  in  the  steam  jet,  unless 
when  the  jet  is  very  carefully  adjusted ;  the  yellows  are  also  much  tiner, 
and  the  colors  are  more  vane<l  than  those  seen  in  the  steam  jet. 

There  is  however  one  most  disappointing  thing  connected  with  these 
colors  produced  by  expansion ;  they  are  very  fleeting.  Their  full  beauty 
lasts  but  a  second  or  two  and  tbey  soon  fade  away,  the  color  growing 
dimmer  and  feebler  every  moment.  This  is  owing  to  the  difterentiatiou 
which  takes  place  in  theparticles  forming  the  cloudy  condensation.  As 
has  been  already  explained,  the  small  drops  rapidly  diminish  in  size 
while  the  large  ones  increase,  and  as  in  tbeae  experiments  tbe  drops 


jr»  To^-T  'inHf  .t  -ttwiL  (Cicr  "zii'-a^  'uiiiiip^  ibC?  7iut^  iujm-  uncv  rapafly. 
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■uumtp*-  -»  tQw»«r''*it_     Tif  i'ltLnfrns  ■* : ";»ti~.aii-T;  "vll  iit«T"i»r  fibpvibax 

»  •miitiMifWair  io.t  11*  ■^■iat»iiii~-t  :-ri'  i'  ""—J  *▼"- 

"Suit  ,t*i;  ]•'  •in»nn]r  it^cL  -"iic*-  -c  ■lii*  tl:*-.  ▼•*  iiii.1  ti't. 

•uir"  "Uiw  tJtkC  nut  "  Hur  ■»"I1  '11:^1.."^  -;  :i'ii».  1,— -K-  TTjr-'i.  r.  »v_  lidr, 

■•H-  jiK^n*  h  )c-mif  tr  -^in^  ■«".i.-:<'.uiHL"  i.iiw:  ■»  i>"i  lux-  •":  (*■  ■*ii**re!r'.Mii  :be 
t:rn)p^  le^  «m.,iM:  TJiMi  ■•H'li  n  c  ■»!K"Cr:ii"L  wn  it  r  ii:rirfl:.  id^  iA^  *««■ 

"Sm  7"IiiT  'liri~~  irf-  iiiit  :r'  ■:►>■  iai.  !^>a.  n  1 1  u  •fir*-  kni  -itroMtMt  b:  -ii» 
■But  ■L.-fcjt*nu"Tr^  -i^i"  ;!I.i.ij>**t;   :iuf. 

^imtHnwicru- jt'-.tiii'-f-i  ':  t  *-:r;u,:iSi  «- iii  v^  :»^'1  ifit't  u.  a  i^^Wv 

•aiiui.-  a^  iL  iin.-j*!T  ■w-.-.i  :k^  T1.Z.-  (c  :n;  Ti  :•*  ri^ui 7  »• .  tzre*  )Mat 
Inm  -OH-  ii**fUil  luiiJ  lii*-  r>*-    i.  v-u^^firhTi.-f    ;  :.>--i.rr  (t^j^i.c*;*-*.  ibe 

lft7  id;  lia^  n.TuMi;* :  T'^i  i-i-  •'!■»;■■■  .r<.  u.'.  ■i.rT.t.j*-  iih*.  i»r>ta  i<lca!iiedL 
It  •*■»»*  kf:«^ii!i*-  j  fcui  iiiW  i;-*-  d.2i:-:.Ty  ic  «rii",;i-i£  il«:<)e  cwJor 

lilt  Ti -It  "H".:!  t:  » jr*-cjiLT3.ii.  :j^  »..;  7.!  v" "":.•<  ▼i.-i*  ^-t<-:c  wotsivd 
Kill  tut  ■;«Tj;>!!:i.TLre  ■>'.  ;iit  iri.;'.  i>  i.  n  t<r!'-;  :t  tih  Iri;  p-wa  off  t» 
*Ti.:>-ri.-+  iifc  ATiT-w.  ^;:1  iV  rf>-L':7  :;.i.i  ii«  c  ■!  c  ;*  ;.i-<-  ^^jim^  «I1  oner 
ui#t  li-ji  iiiic  <j  «f  i-j'  !■■  7":t«-  »^..y,i^ 

Lit™-  Ti.:>o  iL'.ri;  it'  ^.s«^i  j'«r  <:i:'W~.t.^  i.'^i--*  (Vij  c  ■: ■';;(-tk>k>mu  ut  an 
uuu''ii"b.  It  iii.rk-^  :«eATa  of  l:cl.T  i«f.:.i:  !«•:  t  lir'-^L  I'licia.  vhicb 
■•tiu(.':*w'fErf^ p. ;..:■**]  »at-ii  I'itt  <.z<r.ys,.T  zj.  i":x-Tt  »fc>«-\;ia»d«L    One 

»  jettda-*  HLT  <M"..ir  <-f"!-T*w;:;.  a:.  <\n:.;,a,-T  i;T-}.i:!.  f.iJ..iK-:  a  ramnn 
j»!*ic,\«  iiai_  -irt-re^ort-  l>r<-Ti  a,".3oJ  u<  -.W-  S;-;.arfiT-s,  !";.■*.  i^oeivier  is 
uutot  <>f  luKiJ:  71  )?.  !'•  <•■<■'. :r.v.'i--.fTf-  iVi,im:«-T  j.;-.;  ♦-'  <r-T.r:;(K-KTS  kmg. 
irriL  I'iciiC  «.ii-^.  TLt-:*-  2i>e  Two  tu~:xs.  «:T*.i'tv:  t.-:i,  oim-  f .-it  <ii«iMrt- 
iitl'  n  vi-.h  l"w  ill:  ■; Til! .IV.  avd  ihf  wV-t  i>  l^n•v■■■-^(v;  w;!-.  a  ST..p-<wck.  to 
■*-i,i'-b  a  Tc:*  IS  nTXiK-lir-Ll'v -wLnli  :i  is  (n.;.t;.v;,h1  -9  r.h  ib*  «'Kp«i- 
mt-iULi  r«(Wiv«r.  Tlir  si-.;--.>hk  is  <■"l.w.^i,  a;  d  i;<-  l-c.  it  «.>Tt«d  till 
iiKiKl  (rf  u*  n^  If-  takrii  om  .-f  ilu-  nv«--n  ct:  a;-d  ^rl.,-!,  h  i>  desiivd  to 
fi.-71a.i1d  lirf-  nil  in  tLc  <'\;«T;in<-.ii..;  i«V  i;-.'  >;.■•.■.  o.->.-k  ->  <-,^:i«J.  vbeo 
a  TJok-m  ra^h  <if  ttiri:it<*  jV.aiv,  ai:<J  i!if  p^-sstity-  i>  Ti.-!.::t  Vivrredin 
tiiet-i-per  "      -e'v.-r  a^jil  a  .Ji-iisc  o^W  jvrncntiijj:  lonn  of  cjood- 


PHENOMENA  CONNECTED  WITH  CLOUDY  CONDENSATION.  221 

Tke  conditions  causing  the  different  colors, — For  studying  the  coodi- 
tious  wbicb  give  rise  to  the  different  colors  seen  iu  these  tabes,  the  air 
pamp  Rnd  the  small  tube  wilt  be  found  to  be  the  most  suitable.  Sup- 
posing tbefte  to  be  fitted  up,  the  following  will  show  how  the  colors 
change  with  the  conditions: 

First,  the  efiect  of  the  degree  of  saturation  of  the  air.  If  the  air  be 
dry  the  colors  are  not  good,  and  some  degree  of  expansion  requires  to 
be  mnde  before  any  efTect  whatever  is  produced  on  the  air;  and  when 
the  colors  do  appear,  it  is  only  in  the  center  of  the  tube  thattbey  are 
seen,  the  space  all  round  nest  the  walls  being  free  from  condensed  par- 
ticles. As  the  humidity  is  increased,  this  unclouded  space  near  the 
sides  of  the  tube  gradually  diminishes.  The  colors  are  therefore  best 
studied  when  the  air  is  saturated  and  theinsideof  the  tube  wet.  When 
this  is  done  the  colors  extend  to  the  wall  and  completely  fill  the  tube. 

Second,  the  effect  of  the  number  of  dust  piirticles  in  the  air.  If  we 
use  the  ordinary  outside  air,  the  colors  are  very  faint  or  invisible.  Sup- 
pose some  slight  color  is  visible,  then  it  will  be  found  that  a  very  slight 
expansion,  say  one-fifth  of  a  stroke  of  the  pump,  will  give  a  pale  blue, 
and  if  the  espansion  lie  increased  the  color  will  change.  If  now  we 
use  air  from  a  room  where  gas  is  burning,  and  fill  the  tube  with  it,  we 
shall  now,  on  expansion,  get  a  much  deeper  blue,  and  it  will  be  observed 
that  a  greater  expansion  must  now  be  made  to  get  the  best  blue,  and 
before  the  color  begins  to  change.  If  we  alter  the  conditions  8l;il!  fur- 
ther, and  fill  the  tube  ^vith  air  in  which  is  mixed  a  good  deal  of  the 
products  of  combustion,  we  shall  find  that  the  condensation  is  now  so 
dense  that  we  can  scarcely  see  through  the  tube;  but  it  will  be  noticed 
that  ttie  color  is  a  very  deep  blue,  and  that  a  full  stroke  of  the  pump 
was  necessary  to  produce  this  deep  blue,  but  in  this  case  no  change  of 
color  was  produced  with  that  large  degree  of  expansion. 

These  experiments  show  that,  with  few  dust  particles,a  slight  expan- 
sion will  produce  the  bt'st  blue,  and  that  as  the  number  of  particles 
increases,  the  amount  of  expansion  necessary  to  produce  the  best  blue 
also  rei|uires  to  be  increase<l,  the  depth  of  color  increasing  with  the 
increase  in  the  uumberof  dust  particles.  The  explanation  of  the  differ- 
ences here  is  very  simple.  With  few  particles  a  very  slight  expansion 
will  deposit  enough  moisture  to  make  the  small  number  of  drops  of  the 
sizesufQcienttogive  the  best  blue  color;  but,  as  the  number  of  particles 
is  increased,  more  moisture  must  be  deposited  before  the  increased 
ntunber  of  drops  are  made  large  enough  to  give  a  full  blue;  hence, 
with  a  larger  number  of  particles  a  greater  expansion  is  necessary  to 
produce  this  effect. 

Third,  the  effect  of  the  size  of  the  condensed  particles.  As  has 
been  stated,  a  slight  expansion  produces  a  blue  color  if  the  number  of 
particles  be  small,  and  if  the  expansion  be  increased  after  tbe  blue  is 
produced,  the  color  changes;  and  we  shall  now  describe  tbe  successive 
colors  which  appear  as  the  degree  of  expansion  is  increased,  Jtliat  is, 
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as  the  size  of  the  water  particles  is  iocreasecl.  When  the  expulsion 
begins,  bine  is  the  Arst  distioct  color  to  appear,  bnt  very  pale  yellow 
and  slightly  reddish  colors  have  been  noticed  before  tbeezpaDsion  was 
sufficient  to  produce  the  blue.  These  reddish  colors  can  be  seen  very 
distinctly  when  we  use  an  excessively  great  number  of  particles,  and 
tliey  are  best  seen  with  gaslight.  These  reddish  colors  imperceptibly 
change  into  bine  as  the  expansion  is  incr«a8ed,  uid  the  blue  in  turn 
cbanges  by  minute  degrees  into  green  with  further  expansion,  and  the 
green  in  turn  changes  to  yellow;  then  a  brownish  color  appears,  which 
changes  to  a  somewhat  mixed  purple;  then  the  bine  returns  again,  to  be 
followed  bygreen  and  yellow,  as  the  expansion  is  still  further  increased. 
It  is  not  easy  to  get  this  se<iuence  of  colors  carried  so  far.  Sometimes 
one  stroke  of  the  pump  only  carries  the  color  on  to  yellow;  sometimes 
it  may  go  to  Mie  second  blue  or  green,  but  lesK  frequently  to  the  second 
3'ellow.  The  final  color  depends  on  the  unmber  of  particles  present. 
It  is  necessary  to  have  a  good  many  drops,  so  that  the  color  may  be 
distinct.  an<l  yet  not  too  many  or  the  expansion  may  not  be  sufficient 
to  grow  the  particles  large  enough  to  give  the  second  series  of  colors. 
It  is  found  thitt  a  high  expansion,  produced  by  two  or  more  strokes  of 
the  pump,  does  not  give  satisfactory  results. 

We  have  seen  that  by  increasing  the  number  of  dnst  particles  the 
depth  of  color  was  increased;  it  therefore  seemed  possible  tbat  these 
color  ]>benomena  might  be  made  visible  in  e%'en  a  short  column  of  air, 
and  that  they  might  be  shown  by  means  of  ordinary  glass  flasks.  The 
following  experiment  was,  therefore,  arranged:  A  flask,  about  IS  cen- 
timeters diameter,  was  fitted  with  an  ludiarnbber  stopiter,  through 
whicti  passed  two  tubes.  One  tube  was  connected  with  a  metal  vac- 
uum receiver  already  described,  the  other  had  a  stop-eock  attached  to 
it.  The  stop-cock  was  connected  with  a  long  metal  pipe  which  led  to  a 
wide  tube  placeil  over  a  small  tiame.  Air  charged  with  the  products 
of  combustion  was  drawn  into  the  flask  through  this  pipe;  when  suffi- 
cient impure  air  was  drawn  into  tlie  flask,  the  stop-cock  was  closed; 
when  the  air  in  the  flask  was  now  suddenly  expanded,  it  looked  as  if  it 
had  been  filled  with  a  transparent  blue  gas.  The  color,  when  held 
against  a  white  cloud,  was  almost  exactly  the  same  as  that  of  the  blue 
sky.  The  color  in  the  flask  faded  rapidly,  as  in  the  experiments  with 
the  tube.  The  particles  being  very  closely  packed  in  most  of  these 
experiments  the  subsequent  change  is  all  the  more  rapid. 

Effect  of  temperature. — To  observe  the  effect  of  temperature  on  these 
color  phenomena,  another  tube  was  pre[>ared,  with  glass  ends,  and 
jacketed,  so  that  the  air  in  it  might  be  lieateil  or  cooled  to  any  desired 
temperature.  '^wasveryumch  wh;it  niighthavebeeuexpected; 

at  the  differ  »^s  all  thecolor.*  made  their  appearance  in  the 

usual  order  i  considerable  difl'ercnce  in  the  amount  of  ex- 

pansion req  a  given  color  with  change  of  temperature. 
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At  ft  high  teniperatare  each  of  the  colors  appeared  with  a  leas  expansion 
than  when  the  temperature  waa  low.  In  making  these  tests  the  nam- 
ber  of  dost  particles  in  the  air  must  be  kppt  as  consttmt  as  possible. 
For  this  porpose  windows  and  doors  ahould  be  kept  closed  for  some- 
time before  beginning,  and  the  experiments  should  be  repeated  without 
eliauge  of  condifioua.  When  the  air  was  cooled  to  about  35"^,  it  took 
two  strokes  of  the  pump  to  develop  a  full  blue,  aud  three  strokes  made 
it  only  green.  At  a  temperature  little  over  50^,  two  strokes  made  it 
green,  while  if  the  air  was  heated  to  about  80°,  two  strokes  sent  it  past 
blue  and  green  and  on  to  yellow,  and  less  than  one  stroke  made  it  full 
blue.  The  diB'ereuees  are  due  to  more  vapor  being  present  and  being 
condensed,  with  the  siime  amount  of  expansion,  when  the  air  is  hot 
than  when  it  is  cold.  It  should  be  stated  that  in  all  cases  the  air  was 
saturated,  the  inside  of  the  tube  biding  wet. 

The  tube  was  also  cooled  down  to  C^  F,,  but  no  difference  was  observed 
in  the  nature  of  the  phenomena.  The  particles  at  that  temperature 
seemed  to  be  still  in  the  liquid  form, 

Liffht  transmitted. — The  light  transmitted  directly  through  the  cloudy 
condensation  has  been  examined  by  means  of  a  small  si>ecti'os(^ope. 
One  of  the  tubes  was  mounted  vertically,  and  ainirrorplacc<I  at  the  lower 
end ;  the  spectroscope  was  temporarily  mounted  over  the  upper  end  of 
the  tube;  asmall  mirror  was  placed  between  the  spectroscope  and  the 
glass  end  of  the  tube.  This  small  mirror  C4>vered  half  the  field  of  the 
spei'troscope,  and  reflected  light  from  the  same  source  as  that  reflected 
by  the  mirror  at  the  lower  end  of  the  tube,  so  that  one-half  of  the  field 
gave  the  spectrum  of  the  light,  and  the  other  half  the  light  after  passing 
through  the  clouded  condensatiou.  The  conditionsiiitheexperimentare 
too  fleeting  for  satisfactory  observation.  The  only  thing  noticed  was  a 
darkening  of  the  whole  spectrum,  with  a  greater  absorption  at  certain 
points  than  at  others.  When  the  light  was  blue,  in  addition  to  tlie  gen- 
eral reduction  in  brightness,  the  red  end  whs  more  reduced  than  any 
other  part,  and  there  was  also  a  very  marked  shortening  of  the  spectrum 
at  this  end.  When  the  color  was  yellow  the  reverse  was  the  case.  The 
blue  wan  almost  entirely  cut  out,  while  the  yellow  wsusfarthe  brightest 
paH  of  the  spectrum. 

An  examination  has  also  been  made  of  the  diSVaction  colors  as  seen 
in  the  halos  surrounding  bright  lights.  The  most  convenient  way  tried 
of  observing  these  colors  was  to  use  an  ordinary  glass  flask  of  18  cen- 
timeter diameter,  conDect«d  with  the  metal  vacuum  receiver,  as 
already  described.  For  the  source  of  light,  gas  may  be  used,  but  a 
better  result  is  obtained  with  the  light  of  the  sky.  Inonlerto  observe 
these  colors  easily  the  window  should  be  closed,  all  but  a  narrow  ver- 
tical strip;  and  it  improves  matters  to  have  all  surfaces  on  eacli  side 
of  the  opening  painted  black.     When  the  air  in  the  flask  is  expanded, 
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tbe  vertical  bandR  of  diffraction  colors  are  distiiictly  seen  on  each  side 
of  the  bright  light.  It'  dow  we  keep  the  amount  of  dust  lu  the  air  con- 
atant  during  the  experiments,  we  shall  find  that,  on  oi>ening  tbe  stop- 
cock to  the  vacuum  receiver  very  slowly,  we  will  get  the  usual  cloudy 
condensation,  and  that  the  didraction  colors  will  be  quite  distinct.  But 
if  we  repeat  the  experiment  and  this  time  open  the  stop-cock  very  sud- 
denly, so  HH  to  cause  a  rapid  expansion,  the  colors  will  be  fouud  to  be 
very  much  improved,  being  far  more  brilliant.  This  is  due  partly  to 
the  greater  number  of  particles  engaged  in  producing  the  effect,  but 
chiefly  to  the  much  more  equal  size  of  tbe  particles  when  they  are  sud- 
denly developed  thHU  when  slowly  grown. 

Itis  found  that  we  must  not  have  loo  many  particles  present,  or  the 
diffraction  colors  will  not  be  good;  their  size  does  not  seem  to  be  great 
enough  to  produce  the  plienomeua.  If,  for  instance,  in  place  of  osiug 
tbe  air  of  the  room,  we  take  into  the  tlask  air  coming  from  a  small 
flame,  the  color  pbciioiiieua  in  the  tlask  all  change;  when  there  were 
few  particles  tbe  light  transmitted  directly  through  them  has  so  little 
color  it  is  not  noticed,  white  the  difl'raction  colors  are  fine;  but  with 
many  particles  the  direct  liglit  becomes  colored,  while  the  difli'action 
colors  are  softened  and  have  lost  much  of  their  brilliancy.  When  tbe 
particles  are  sufticiently  numerous  to  cause  the  directly  transmitted 
light  to  be  of  a  thin  blue,  the  diffraction  color  next  the  blue  light  is 
nearly  the  complementary  yellow,  and  this  yellow  light  extends  to  near 
the  limits  of  the  flask.  If  more  particles  be  added,  the  color  of  tbe 
transmitted  hght  becomes  deeper  blue,  but  it  is  difHcnlt  now  to  say 
what  the  diffraction  colors  are.  The  convection  currents  in  the  flai^k 
DOW  make  themselves  visible;  tbe  air  on  each  side  of  the  blue  direct 
light  is  suffused  with  a  variety  of  colors,  not  now  in  regular  vertical 
bands,  but  irregularly  distributed  and  in  movement  through  the  flask. 

CawM  of  the  coioc— These  experiments  show  that  tlic  color  produced 
by  the  small  drops  of  water  depends  on  the  size  of  the  drops,  and  the 
depth  of  color  in  their  number,  But  it  is  not  so  easy  to  follow  the  man- 
ner in  which  the  drops  produce  the  color.  If  we  take  the  simplest  case, 
we  can  easily  see  how  part  at  least  of  tbe  <'olor  is  produced.  In  the 
steam  jet  condensing  dense,  and  coloring  the  transmitted  hght  yellow, 
part  of  the  effect  is  no  doubt  due  to  some  of  the  particles  in  that  fomi 
of  condensation  being  so  small  that  they  reflect  and  scatter  the  shorter 
waves  of  light,  while  they  allow  the  hmger  ones  to  pass  through.  The 
color  in  this  case  is  partly  caused  in  tbe  same  way  as  the  yellow  pro- 
duced by  small  particles  suspended  in  liquids,  as  in  Bruck's  experiment 
with  niitstic,  or  as  when  silver  chloride  is  formed  from  a  solution  of  the 
nitrate.  The  light  reflected  by  tbe  liquids  in  these  experiments  is  of  a 
bluish  tint,  ccmiplcnientary  to  the  yellow  hght  transmitted  by  them, 
and  this  blue  light  is  polarized.  It  has  been  found  that  when  the  steam 
j6t  is  of  a  good  yellow  by  trai|smitted  light,  it  reflects  a  good  deal  of  a 
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biniab  liglit;  and,  further,  tliis  b]im  ligUt  is  polarized  in  tlie  same  way 
as  the  liglit  from  tbe  small  particles  in  the  ex|>eriments  with  lii)ui(Is. 

Wbile  this  explanation  helps  us  no  far  to  understiiiid  tlie  innnncr  in 
which  the  yellow  light  is  produced  iu  steam  jets,  yet  it  fulls  to  explain 
tbe  succesBioo  of  colors  seen  in  tbe  expansion  experiments,  wliure  blue 
first  appears,  then  green  and  yellow ;  and  when  the  expansion  is  still 
further  iutireased,  the  blue  again  returns  to  give  ]>lace  to  a  second  green 
and  yellow.  The  most  probable  explanation  of  these  color  phenomena 
is  that  they  are  produced  in  the  same  way  as  the  colors  in  plates,  some- 
what after  the  manner  Newton  thought  tbe  color  of  tbe  sky  was  pro- 
duced. The  order  of  succession  of  the  colors  in  tliin  plates  is  tbe  same 
as  in  these  condensation  phenomena.  As  no  white  follows  tbe  first 
blue,  it  seems  probable  that  the  first  spectrum,  or  order  of  colors,  is 
not  observed;  that  the  two  generally  seen  are  tbe  second  and  third. 

Some  experiments  were  made  with  a  glass  tube  receiver,  in  place  of 
the  metal  one,  to  see  if  there  were  any  colored  light  reflected  in  these 
expansion  experiments  of  tbe  same  knid  as  is  seen  under  certain  con- 
ditions in  a  steam  jet;  bat  no  such  colors  have  been  observed.  It  is 
possible  they  may  be  present;  but,  owing  to  the  great  amountof  white 
light  reflected  by  the  larger  particles,  any  colored  reflected  light  that 
may  be  present  is  masked. 

Green  tun. — On  a  few  occasions  the  sun  has  been  observed  to  be  of  a 
decidedly  greenish  color,  while  on  other  occiisions  it  has  api>eared  blue. 
Tbe  experiments  which  have  been  described  in  this  pajwr  seem  to  otter 
an  explanation  of  this  phenomenon.  For  a  number  of  days  iu  the  begin- 
ning of  September,  1883,  the  sun  was  seen  of  a  de<^idedly  blue  or  green 
color  in  India,  TrinidiKl,  and  other  places.  Most  of  the  observers  who 
have  written  on  the  subject  have  linked  this  phenomenon  with  the  erup- 
tion of  Krakatao,  which  took  place  just  before  the  days  on  which  tbe 
green  or  blue  sun  was  seen.  From  tho  light  thrown  on  the  subject  by 
these  experiments,  we  sec  that  an  eruption,  such  as  that  of  Krakatao, 
would  throw  into  the  atmosphere  a  supply  of  the  very  materials  neces- 
sary for  producing  a  green  sun  by  means  of  small  drops  of  water,  as  it 
would  send  into  the  atmosphere  animmenseqiiantity  of  aqueous  vai)or 
and  an  enormous  amount  of  fine  dust — a  combination  tbe  most  favor- 
able possible  for  producing  a  great  number  of  minute  drops  of  water. 

Prof.  C.  Michie  Smith  observed  tbe  green  sun  in  India,  and  he  says: 

"  The  main  features  of  the  spectrum  taken  on  tbe  sun  when  green 
were : 

"  I.  A  very  strong  general  absorption  in  the  red  end. 

"  2,  A  great  development  of  the  rain-bauds  and  of  all  other  Hues  that 
are  ascribed  to  the  presence  of  water  vapor  in  the  atmosphere."" 

It  is  evident,  therefore,  that  one  of  the  materials  necessary  for  pro- 

dutting  this  peculiar  absorption  by  means  of  wat^r  drops  was  present 

in  an  unusual  amount  iu  the  atmosphere  at  the  time ;  and  it  also 

~~  •.Vature.Aag.l.im;  vol.  xxs,  p.  347.  TXT^TT 
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»\im!nr*  lluil  a  (iJK^  tuna  of  ooodeusatioD  bad  tstcn  pbce, as  Ur.  W.  R. 
Matilft'f  kUtKM*  iliat  tliirre  Viw  at  the  time  a  Fort  of  luie  all  over  tjie 
nky.  and  TrtMii  tb«  kti*TS  or  differcut  obserrers  UiU  haie  aeems  alimyB 
to  havf  a<«o0t'^iii«d  tlie  K^vat  bud. 

iyoK  alnxmt  wouderK  that  a  blue  or  green  son  is  not  oftener  seeo,  aa 
then;  ant  ofleu  preneDt  all  tlie  materials  necessary  for  prodncmg  tbeee 
culwTK  in  tlie  atmoKpbere.  <>n  a  few  occasions  I  bave  observed  the  eao 
to  be  or  a  tulvcry  wbitenei^  when  tbevapM'uitbenpperair  wasbegiu- 
unit;  to  eoiideiiKe,  and  tbe  Kky  was  covered  with  atbin  filmy  cload.  It 
IH  however  |>om(ible  that  thu  Mightly  blaish  tint  may  have  been  dae 
I'l  tbesun  beiog  neeu  more  in  its  natural  color  than  usaal;  that  is,  made 
much  lecK  yellow  by  our  atmosiibere  than  it  generally  is.  There  seems 
to  be  Bomt^tliing  preventing  the  dust  and  the  vapor  in  cor  abnospbere 
acting  under  ordinary  conditions  in  such  a  way  as  to  color  the  sao  blue 
or  green.  Perhaps  it  may  be  the  tendency  the  particles  have  to  dif- 
ferentiation. This  tendency,  we  bave  seen  from  the  esperimentA, 
rapidly  de-stroys  all  color  effecttt,  and  from  this  we  might  sappose  it 
would  1h!  iniiwssible  that  the  colors  if  produced  by  water  drops  could 
remain  in  nature  visible  fur  so  long  a  time  as  they  did.  But  it  inast  be 
remembered  that  the  particles  in  the  experimental  vessels  are  extremely 
close  together,  and  the  vapor  exchanges  can  therefore  take  place  quickly. 
If  however  the  drops  were  widely  separated,  the  exchanges  would 
take  place  slowly.  For  instimce,  if  the  drops  in  1  centimeter  were 
separated  so  as  to  form  a  column  1  mile  long,  with  a  section  of  1  square 
centimeter,  we  should  have  the  same  amount  of  color  in  17  miles  that 
we  had  in  the  17  centimeters  of  air  ia  the  tlask,  and  the  particles  would 
be  so  far  apart  that  dilfereutiation  would  then  take  place  extremely 
slowly.  But  further,  if  the  supply  of  dust  and  vapor  were  constantly 
ke])t  up  by  the  volcano,  the  color  iihenoiuena  would  coutinue  for  the 
same  reason  that  they  continue  in  a  steam  jet,  namely,  by  the  drops 
being  constantly  renewed. 

A  new  instnimeiit  for  tatting  the  amount  of  dust  in  th*  air, — As 
this  investigation  progressed  it  became  evident  that  these  color  phe- 
nomena pltu-cd  in  our  hands  an  easy  and  simple  way  of  estimating, 
ill  a  nnigli  way,  the  number  of  dust  particles  in  the  atmosphere  of  our 
riHiinc,  wliieli  might  be  useful  for  sanitary  purposes.  An  instrument 
was  therefore  coiistruetcd  to  see  how  far  the  idea  could  be  practically 
carried  tnit.  Thin  new  instrument  we  intend  to  call  a  A'ont>cope.  lu 
Us  present  form  this  instrument  cnnsists  of  an  air-pump  and  a  metal 
tube  with  glass  ends,  which  we  sliull  call  the  test-tube.  The  capacity 
of  tlio  pump  sl'oi'1'1  be  ficnii  half  to  three-quarters  the  capacity  of  the 
testtubo.     '  '  of  tlie  test-tube  is  a  passage  by  which  it  com- 

niuulciites  -  "ip.  ft"<l  >"■"'*'■  *''»  other  end  is  attached  a 

atopwMrk  fi  '  "'r  *•>  ^'  tested.    Tbe  testtube  and  air- 

pump  may  l''^'  *"  '"'"'''  "ther,  and  held  vertically  when 
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observing.  If  this  arraugeiuent  he  adoi>tc<l,  ;i  uiiiTur  must  be  attached 
to  the  lower  eii<l  of  the  tube.  In  practice  it  is  found  to  be  more  con- 
venient to  omit  the  mirror,  and  observe  with  the  tube  in  any  |)o8ition, 
simply  directtug  it  to  any  saitable  light.  When  this  arrangement  is 
uBed,  the  pump,  for  convenience  of  working,  shoald  be  attai'hed  nt 
right  anglea  to  the  test-tube.  It  is  found  that  any  want  of  uniformity 
in  the  color  of  the  fiehl  produced  by  the  air  heated  on  the  sides  of  the 
tube  can  be  greatly  obviated  by  lining  the  inside  of  the  tul>e  with  a 
non-conducting  substance  and  keeping  it  wet.  Blotting  paper  is 
found  to  do  very  well,  as  it  holds  plenty  of  water  for  saturating  the 
air  and  is  a  fair  non-conductor.  When  the  inside  of  the  tube  is  lined 
with  it,  the  field  of  color  is  fairly  uniform,  owing  to  the  cooling  of  the 
sides  by  the  evaporation  when  the  air  enters  and  when  expansion  is 
made. 

For  illumination  no  doubt  day-light  is  the  best  when  it  can  he 
obtained,  as  gas-light  is  so  deficient  in  blue  rays  that  color  is  not  well 
observed.  For  convenience  of  observation,  it  is  found  to  be  best  to 
close  the  far  end  of  the  tube  with  ground  glass,  and  when  working 
with  artificial  light  ground  glass  must  be  used. 

I  have  made  a  few  tests  with  an  instrnuieut  of  this  kind,  and  find  it 
very  easily  worked,  and,  for  niy  practical  purposes,  it  is  sufficiently 
accurate.  It  can  not  of  course  compare  with  the  dust  counter  for 
accuracy;  but,  on  the  other  hand,  it  is  a  much  less  expensive  instni- 
ment,  and  tests  can  be  made  far  more  eapily  with  it,  and  little  special 
knowledge  is  required.  If  we  wish  to  get  actual  figures  for  the 
amounts  of  dust  indicated  by  this  instrument,  then  it  must  be  gradu- 
ated by  a  dust  counter.  The  indications  nt  best,  however,  will  only 
be  very  rough  approximations  to  the  numbers.  There  are  three  ways 
in  which  we  might  graduate  this  instmment.  We  might,  for  instance, 
make  one  ftill  stroke  of  the  pninp  and  note  the  color  whftb  appeared. 
This  color  would  indicate  the  number  of  particles.  For  instance,  if 
there  are  few  particles,  one  stroke  will  make  the  light  first  blue,  then 
green,  then  yellow,  and  then  a  second  blue  and  green,  and  finishing 
with  yellow.  But  if  there  are  a  good  many  particles  present,  the  same 
amount  of  expansion  will  only  make  the  first  series  of  colors  to  appear; 
and  if  a  great  many  particles  are  present,  the  one  stroke  will  not  give 
the  whole  of  the  first  series  of  colors,  but  may  stop  at  the  blue.  If  the 
temjierature  of  the  air  were  always  the  same  tbis  method  might  be  - 
adoptetl;  but,  as  we  have  seen,  an  allowance  would  be  required  to  be 
made  for  temperature,  as,  with  a  high  temperature,  the  same  degree  of 
expansion  carries  the  color  further  up  the  series. 

Another  method  of  graduating  might  be  to  note  the  amount  of  expan- 
sion necessary  to  give  any  particular  color,  say,  to'  give  the  best  blue. 
With  few  particles  a  slight  expansion  gives  the  blue,  while  with  many 
particles  a  much  greater  expansion  is  necessary.  But  here  again  the 
effect  of  temperaturecomes  iu.   Temperature  observations  would  there-. 
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!t  is  thought  that  the  konvicope  will  he  useful  for  sanitary  inspec- 
tors for  investigating  questions  of  ventilation  in  rooms  lighted  with  gas 
and  for  other  pnrpoees.  As  an  illustration  of  what  this  instrument  can 
tell  us,  the  following  exi>erimeiit  may  be  given.  It  shows  us  how  we 
can  trace  by  means  of  it  the  pollution  taking  place  in  our  rooms  by 
oi)en  flumes.  The  room  in  which  the  tests  were  made  is  24  x  17  x  13 
fvet.  The  object  of  the  tests  was  to  see  if  the  konim-ope  could  tell  us 
anything  deflntte  about  the  degree  of  pollution  at  the  dift'erent  {larts  of 
the  room,  and  also  about  the  rat«  at  which  it  was  increasing.  For  this 
purpose  a  small  tube  was  arranged  so  that  one  end  of  it  could  be  raised 
to  tlie  ceiling  or  into  the  air  of  any  part  of  tlie  room  from  which  it  wa« 
desired  to  take  the  air;  the  other  end  of  the  tube  won  connected  with 
the  konincope. 

The  first  thing  to  be  done  was  to  examine  the  air  of  tife  room  before 
lighting  the  gas  and  beginning  the  tests.  On  doing  this  the  air  at  the 
level  of  the  observer  gave  a  very  faint  color,  scarcely  [lerceptihle;  air 
drawn  from  within  3  inches  of  the  ceiling  gave  equally  little  color,  and 
the  air  inside  the  room  gave  the  same  color  )is  the  air  outside.  The 
upper  end  of  the  tube  connected  with  the  konincope  was  then  raised  to 
within  3  inches  of  the  ceiling,  near  one  end  of  the  room,  and  the  fcom- 
scope  left  attaclietl  Ui  the  lower  end.  Three  jets  of  gas  were  now  lit  in 
the  center  of  the  room  aod  observations  at  once  tiegun  with  the  koni- 
scope.  Within  thirty-flve  seconds  of  striking  the  match  to  light  the 
gas  the  products  of  combustiou  had  extended  to  the  end  of  the  room ; 
this  was  indicated  by  the  color  iu  tiie  konincope  suddenly  becoiTiing  of 
a  deep  bine.  In  four  minutes  the  deep  blue- producing  air  was  got  at 
a  distance  of  2  feet  from  the  ceiling.  In  ten  minutes  there  was  utrong 
evidence  of  the  pollution  all  through  the  room.  It  was  strongly  indi- 
cated near  the  windows,  owing  to  the  down  cnrrent  of  cold  air  on  the 
glass.  This  impure  down  current  could  be  traced  to  the  floor,  and 
onwards  to  tliefireplace;  while  a  pure  carrent  could  be  traced  from  the 
floor  to  the  fire-place.  In  thirty  minutes  the  impurity  at  Q  feet  fi'oni  this 
floor  WiVH  very  gie;it,  the  color  being  a  deep  blue. 

The  wide  range  of  the  indications  of  the  koniscope,  from  pure  white 
to  nearly  hlack-bhie,  makes  the  estimates  of  the  impurity  very  easily 
taken  with  it;  and,  as  there  are  few  parts  to  get  out  of  order,  it  is 
hoped  it  may  come  into  general  use  for  sanitary  work. 

The  few  esiwrimcnts  I  have  nmde  with  this  instrnmeut  have  clearly 
IH>inted  out  that  a  window  is  not  an  unalloyed  blessing  as  regards  the 
purity  of  (he  air  in  our  rooms,  however  much  we  may  have  been  in  the 
habit  of  thinking  otherwise.  In  all  cases  it  has  been  found  that  in 
rooms  where  gas  is  burning  the  air  near  the  window  is  very  impure. 
This  impure  down  current  of  air  near  tiie  window  has  been  traced  by 
the  koniHcope  in  all  rooms  tested.  The  impurity  is  caused  by  the  cold 
air  on  the  window  sinking  and  drawing  down  the  hnpuro  air  near  the 
ceiling,  and  this  impure  air  is  mixed  with  the  lower  air  which  we  an 
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brentbing.  This  effect  is,  of  coarse,  ^preatent  when  tbe  vindows  are 
nnprotect^  by  blinds,  Bliutt«r8,orcDrtaiiiB.  It  is  evident  that,  tboiigb 
a  window  may  supply  pure  air  wben  it  is  open,  it  yet  dues  inucli  barm 
when  closed  by  bringing  down  the  iinpnre  air.  which,  if  undisturbed, 
woald  have  a  less  injarioo»  effect. 

It  is  to  be  regretted  that  this  investigation  does  not  promise  to  yield 
much  of  practical  value;  nevertheless,  as  we  cultivate  not  only  fmit^ 
but  ttowers,  so,  for  the  same  reason  that  we  cnltivate  the  latter,  it  iit 
thought  that  these  experiment's  will  repay  the  attention  of  phystciittJ^ 
Tbe  colors  produced  by  sueb  simple  materials  as  a  little  dust  and  a 
little  vapor  areasbeautifnl  us  anything  seen  in  nature,  and  well  repay 
the  trouble  of  re-)>roduciug  them. 
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By  Dr.  W,  Ostwald, 
Of  Ihe  I'airenits  of  Leipzig. 


During  tbe  sciflntific  developmi'iit  of  cbeinistry  the  bypotbeeea  which 
have  served  as  n  primary  foundation  have  always  beeu  borrowed  from 
a  prominent  sister  science.  At  the  time  of  the  most  rapid  development 
of  met^hanics  as  founded  by  Galileo  and  advanced  by  bis  pupils  and 
successors,  chemistry  was  mechauical;  the  solvent  fiction  of  acids  upon 
metals  was  explained  by  assuniinjr  that  the  former  poSHessed  points  and 
edges  by  means  of  which  they  disintegratetl  the  lattery  bodies  which 
combine  were  supposed  to  have  hooka  by  means  of  which  they  attached 
themselves  to  each  other.  When  Newton  ba»>ed  his  theory  of  astro- 
nomical movements  upon  the  assumption  of  a  force  acting  inversely  as 
the  square  of  the  distance,  chemistry  shortly  appropriated  this  idea, 
and  traced  all  processes  to  the  attraction  and  repulsion  of  particles.  It 
is  therefore  not  surprising  that  the  phenomena  of  the  Voltaic  pile 
(which  later  proved  to  be  so  intimately  connected  with  chemical  changes) 
were  at  once  utilized  to  serve  as  a  foundation  for  a  theory  of  chemical 
processes.  Tbese  theories,  especially  that  of  Berzelius,  have  prevailed 
a  long  time,  but  Anally  have  proved  themselves  just  >i8  insufficient  to 
represent  chemical  pbenuniena  as  the  mechauical  and  the  attraction 
theory. 

Thus  the  theory  of  chemical  combinations  Is  to-day  a  strange  and 
'  contradictory  conglomerate  of  the  fossil  constituents  of  the  earlier 
theories.  Tbe  rudiments  of  tbe  theory  of  attractions  still  play  tbe  most 
important  role,  while  there  is  also  considerable  discussion  about  posi- 
tive and  negative  elements,  i.  e.,  the  residues  of  the  electrochemical 
theory,  and  in  most  recent  times  wo  see  the  long-forgotten  mechanical 
conception  again  stepping  to  tbe  front  in  stereo- chemistry  and  being 
accepted  by  many  as  a  new  step  in  the  progress  of  science. 

In  such  times  it  is  of  great  value,  on  tbe  one  hand,  to  recall  the  his- 
torical development  and  tbe  evanescence  of  theories;  on  the  other  hand 
to  find  in  the  older  theories  that  which  is  useful  and  correct,  so  as  to 
obtain  sound  building  material  for  a  netv  theory. 


*  Rertii  before  the  WorM'n  ConKroni  nf  rhcniintH,  Ai)f;iist  26,  1H93.     (From  Journal 
o/  the  Ameriean  Ckemlool  Soaets,  AuEUMt.  1893.  vol.  xv,  pp.  421-430.) 
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Especially  are  we  forced  to'conclnde,  from  the  fate  of  past  tbeoriea, 
that  chemical  phenomena  mast  be  explained  by  tbeir  own  inter-relatioQs; 
that  is,  must  be  logically  arranged.  The  use  of  analogies  from  otfa^ 
fields  of  natural  science  has  indeed  often  led  to  suppositions  which  for 
the  moment  seemed  satisfactory;  on  trial,  however,  such  analogies  have 
always  proved  themselves  more  a  drawback  than  a  help,  since  tbey 
hindered  the  unbiased  comprehension  of  facts,  and  they  could  iiot  (or 
will  not  in  the  futnre)  be  cast  aside  without  a  great  struggle  and  cou- 
siderable  sacrifice  of  time  and  labor. 

It  is  scarcely  needful  at  present  to  prove  that  the  several  provinces 
of  quantitative  science  possess  in  a  single  couception  both  the  principle 
which  distinguishes  them  and  that  common  principle  which  unites  them, 
namely,  the  conception  of  energy.  Mechanical  energy  is  distinct  from 
thermal.  Similarly,  chemical  energy  is  distinct  from  electrical;  and  in 
each  province  progress  can  only  lie  made  by  studying  the  various  prop- 
erties which  the  form  of  energy  under  examination  possesses. 

At  the  same  time,  however,  the  laws  which  determine  the  correla- 
tion and  conservation  of  energy  constitute  the  only  bond  which  anit«s 
the  various  fields.  If  heatconid  notbechangcd  intomechanical  energy 
and  chemii-al  into  electrical,  these  provinces  would  stand  distinct  and 
isolated  from  each  other;  and  neither  thermodynamics  nor  electro- 
chemistry would  be  iKjssible.  This  shows  that  progress  in  the  scien- 
tific conception  of  chemical  phenomena  deiiciida  upon  primarily  deter- 
mining the  several  properties  of  chemical  energy  as  such,  and  then  its 
relation  toother  forms  of  energy.  This  done,  we  will  be  able  to  cope  in 
a  scientific  manner  with  eac^h  chemical  process,  no  matter  whether  it 
tetuls  Ut  other  chemical  changes  or  causes  the  api>earance  or  destruc- 
tion of  other  forms  of  energy. 

The  knowledge  of  the  laws  of  chemical  energj'  is  not  only  scientific- 
ully  bnt  also  practically  of  the  greatest  interest  All  energy,  which  is 
employed  in  ac«>nii)lishing  the  varionspurposeaof  industry,  is  derived 
from  chemical  sources,  the  c^>ml>nstion  of  fuel.  Besides,  each  step  that 
we  take,  every  word  that  we  speak,  in  fact  every  thought  formulated 
by  our  brain,  leads  to  sources  of  chemical  energy;  animals  and  plants 
throughout  their  whole  esistenee  are  ba;<cd  primarily  upon  chemical 
energ>'  and  its  laws,  and  the  ultimate  problems  of  biology  arc  in  every 
resi»cct  chemical. 

All  forms  of  energy  have  this  in  common,  that  they  may  be  resolved 
int^i  two  factors,  both  of  which  have  definite  properties.  The  one, 
which  we  call  intensity,  determines  whether  th((  energj-  may  remain  at 
rest  or  must  undergo  an  exdiange.  Thus,  for  instance,  the  factor  of 
intensity  for  heat  is  temperature,  since  we  know  that  two  bodies  can  be 
at  rest  with  reference  to  their  heat  only  when  their  temperatures  ate 
equal.  The  second  factor  we  call  capa<(ity;  it  determines  how  much 
energy  at  a  given  inter  '"iitiii  the  object  under  consideratimi. 

With  heat,  for  iustau'  d  \wM  c-apacity. 
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What  now  nre  the  factors  of  chemical  energy  f  If  we  had  a  tneasare 
for  its  factor  of  intensity,  as  the  thermometer  is  a  measure  of  the 
intensity  of  heat,  we  wonid  be  able  to  determine  for  each  sabstance 
with  reference  to  another  whether  it  could  react  with  the  latter  or  noti 
jnst  as  the  thermometer  shows  qs  whether  or  not  heat  can  be  trans- 
mitted from  one  body  to  another.  Our  answer  is  that  this  question 
has  not  been  completely  solved,  but  that  from  many  phenomena  we 
niready  possess  a  ckemometer,  as  we  miglit  call  the  instrument — in 
analogy  to  tlie  thermometer. 

In  order  however  to  be  able  to  explun  the  tlieory  of  the  chemome- 
ter,  the  factors  of  chemical  energy  must  first  be  more  precisely  deter- 
mined. The  factor  of  capacity  is  in  this  case  most  easily  discovered. 
The  chemical  energy  which  is  piesent  under  given  circumstances  is 
proportional  to  the  weight  or  mass  of  tlie  sub^itances  involved.  Hence 
wo  sell  and  buy  chemical  energy  according  to  weight.  This  becomes 
nmre  clear  from  the  following  consideration :  When  we  buy  coal,  we  do 
not  consider  the  carbon  present,  but  rather  t)ie  chemical  energy,  since 
in  the  u8<i  of  tlio  fuel  wo  allow  the  carbon  to  escape  quietly  through 
the  chimney  as  carbon  dioxide,  without  making  any  eftbrt  to  retain  it; 
that  however  which  we  husband  with  the  greatest  care,  is  the  clienii- 
cal  energy  of  the  coal,  obtained  as  heat.  I  have  stated  with  due  con- 
sideration that  the  fnctorof  capacity  of  chemical  euerjfy  is  proportional 
u>  the  mass;  yet  it  is  not  mass,  since  tliis  conception  belongs  solely  to 
mechanics.  It  is  therefore  by  no  means  more  correct  to  say  "atomic 
mass"  instead  of  "atomic  weight,"  since  in  this  case  the  degree  of 
chemical  capacity  is  concerned  which  is  proi>ortionaI  to  both  weight 
and  mass,  without  being  one  or  tlie  other. 

The  term  "degree  of  intensity"  of  chemical  energy  has  something  In 
common  with  the  conception  which  hnn  be<!ome  familiar  in  the  field  of 
chemistry  under  tlie  term  of  "  chemical  affinity,"  more  to  denote  that 
field  in  which  a  more  accurate  knowledge  was  especially  desirable  than 
to  combine  by  such  a  woni  sufficiently  definite  ideas.  The  word  was 
there,  just  as  the  name  of  a  future  street  stands  on  a  signboard  in  the 
outskirts  of  a  city,  in  a  waste  field;  tents  and  barracks  of  the  most 
curious  kind  have  been  erecte«l  from  time  to  time  only  to  be  deserted 
again.  Oidy  in  most  recent  times  solid  buildings  and  jterraanent  set- 
tlements have  found  a  place  on  this  site,  and  soon  a  new  section  of  the 
city  will  be  created  there,  whose  importance  threatens  to  throw  the 
older  portion  of  the  city  in  the  shade. 

J.  Willard  Gibbs  called  the  degree  of  intensity  of  chemical  energy 
the  chemical  potential;  analogous  t^t  the  degree  of  intensity  of  elec- 
trical energy,  whicli  is  called  the  electrical  potential.  So,  to  avoid  the 
vagueness  of  the  term  ajffinity,  we  will  make  use  of  the  term  chemical 
potential,  or  in  brief,  potential. 

Now,  it  follows  from  the  definition  of  the  degree  of  intensity,  that 
two  substnnces  with  like  [wtcntial  can  not  act  on  each  other:  and,  con- 
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■w^Ts^W.  ilut  «li«D  tvo  sabcit^aiu-*^  Kt  on  •»rl>  MWr  their  potential 
mist  Im'  •Uffenbtit. 

That  sr-o«r.kl  Liv  wbieb  fsu  b«  r«;»r«l«tl  as  expnsaiTv  of  the  Second 
Tbenran  ho^ai.^  ai.-M  for  ttwe' vbeiuu-^  p»t«ntuL  toM^:  Tvo  potentials 
wUicfa  iiulivitlrulty  ar»  «qiLil  to  a  thml  arc  oiiial  to  «arh  other.  This 
pnkfxwiioa  !u^Ri:(  iinitv-  !tvlf-<-vii!ent.  auti  tbmHbr*  «<|«al]7-  BeMiin^- 
lew*.  Yh;  ««  c-AD  ilr^w  fmta  it  n>ikela»HHis  that  aiw  xfTj  far  reaching. 
It  aajtH  :bat  t«t>  htxli^^  it  gTt>a|i^  t>f  bmlkw  whieh  ai«  id  cqailitMiDm 
wich  i^ai'fa  other.  <"an  mntaally  reptare  «at-h  other  at  plrasare  tovanls 
a  ihiid  nj^Jvm  in  ev*^^y  Te-ji-ti>'n  tn  vtiiih  ttib*  third  »T»teiB  .  towards 
«hit-h  M)[ii!i'r)narii  h.t^  bren  est^Mi^bni  ran  rvart.  Thas.  for  example, 
CTtry  ■i.iltibl*  N-lyt-^w  Ik;  ivj-Iacwl  bj  it*  'lariratrfl  aalntioa.  every 
Iii,:nw  Sf  it.*  *atarat«i  vapt>t,  every  M)tt<l  t>«iiy  at  its  ftisin;;  pout  by  the 
^I:>^«1  ht-aW  «lib»ac<-:(ii-iii£  ^kuy  »Itmis»Q  iu  the  etiatlibrinB  depending 
ai»-n  t;.e  e.rTner.  Aiik-us  tvinr  tli:i;irs  tiits  sh««>t  thai  while  the  beat 
n(  A'l-.T.on,  i^.4;»n.  apA  e^.t{»trtci*ia.  cltaii^A  tiie  evi>lat>OD  M*  beat  dor- 
inz  a  I'iieiuit-al  jir>»-^>*.  tht-y  •!«>  mn  thss  atTeet  the  e*iiiilil»iBB.  The 
lJ»en;;il  :be.>rT  .-f  a.-*:r.::v.  wui.-h  i*  rven  t.Mijy  ebamiHoaetl  by  Bettbe- 
fc<c  aii'L  tviier^  is  Sy  rhN  fir>-iin!'i[aii>v  iK-«'Vwi  t->  t>e  t\ant  amenable. 
It  ia  :;.irr.ral  ::i  the  r-ase -f  ^a.ii  a  far  rva»h:::i  im^tM^^iriiMi  lore«|iiir« 

-  ri*-.'-*.  Tl:*  pr>i.>f  ;s  f.Hi-...l  isi  the  iVt  ti.at  it  is  iiuiiossable  to  create  a 
^r>>;«iiH  »*■>..■.*.  T.*  "n  ive  a  t-rp-'mim  ■•'■V  ;:  is  11.4  aevcssacy  to 
<r*-4;e  ec«-rcy  fr"n»  uotLI:  g.  i-at  .*E!y  t"  inin^l'Tm  f>>te::iial  energy-  ioto 
t-errf.  It' ;:  «-re  St  lasian.-r  i"»4s:'i>  ti»  ir.»;:>i^nii  the  roOf^aat  heat 
*i:  >.  :-^v-ienr:a  er'*ni>^s  i::.-\c:.:s  in  the  to^-an  ia to  work  «bich 
■"•.e-  rm'A  rii-^  ''vrti  ;r,;i>  i.riit.  «e  "■■oM  r>s;::;re  no  atore  rooil  to 
;?■  \-^-.  .-IT  ~r«i_~L:;.s.  s:::.e  a;:  :'.  e  w-rfc  «-i;.-h  we  m.siml  ft*  their 
r-  7-.:*.  '-.  ».■■--:.■  -*:ra;-.-:VK:;e«!  ::.:o  :.e.ti  '.yiVivri-Kt  aL-l  etiaM  retam 
:*:.*  -.rv-j..  :=  -r..  :..i;r.:  J:_^»^:;;;•v     Sa,  U  a»^-7V.,w  b^W.V  wiD  be 

-  -.-,*   :;y -•<*.*.   >  w'-^:.  :-» 
"..^.■^a  »-.:a  a  :'.:-->!  are  r 
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equalize  itself,  the  question  arises  why  it  has  not  done  so  long  ago 
during  the  many  thousand  years  which  onr  system  of  worlds  has 
existed.  We  continually  see  differences  of  potential  existing  in 
nature — compressed  air,  galvanic  elements;  all  these  contain  stores  of 
energy  which  are  ever  ready  to  act  and  must  therefore  he  unequal. 
Likewise  the  fossil  fuels  nnd  the  sulphides  of  the  metals  are  able  iu 
conjunction  with  the  oxygen  of  the  air  to  bring  forth  large  amonnts  of 
energy  during  their  interaction,  and  can  not,  therefore,  be  iu  equilib- 
rium. Aside  from  the  tendency  for  equalization,  which  is  peculiar 
to  energy,  other  forces  are  therefore  active  in  nature  whicli  hinder  or 
detain  this,  and  an  accuratennderstandiug  of  these  natural  phenooiena 
can  only  he  attained  when  these  opimsing  and  detaining  causes  are 
kuown. 

For  me4;hanical  and  electrical  energy  such  hindrances  can  be  easily 
created.  A  spring  maybe  kept  wound  by  a  weight;  two  electrically 
charged  bodies,  which  ten<l  to  approach  each  other,  can  be  kept  from 
attaining  their  equilibrium  by  the  dielectric  resistance  of  an  interposed 
medium.  All  these  hindrances  however  have  but  this  explanation, 
that  the  difTerences  of  euergy  present  are  compi'nsated  by  the  use  of 
other  energies,  so  that  their  equalization  is  prevented ;  at  the  same  time, 
we  can  prove  that,  according  to  tlie  method  eniployeil,  large  quantities 
of  oue  form  of  energy  of  any  magnitude  can  be  compensated  by  equally 
small  ()uantities  uf  another  form  of  energy,  for  by  means  of  a  small 
switch,  enormous  currents  of  electricity  can  be  interrupte<l  and  closed 
at  will. 

In  the  case  of  chemical  energy  we  are  however  very  often  nnable  to 
prove  such  compensations  by  the  application  of  other  energies.  When 
a  piece  of  wood  is  exposed  to  the  air,  itwonldbein  accordance  with  the 
general  tendency  to  equalize  the  energy  present,  if  combustion  took 
place  and  the  wood  combined  witli  the  oxygen  of  the  air.  The  same 
would  apply  to  organized  bodies.  Our  body  consists  of  combustible 
substances;  and,  in  accordance  with  the  chemical  affinities  present,  it 
should  combine  with  the  oxygen  of  the  air  and  burn  without  cessation. 
Why  is  it  not  consumed  I 

If  we  should  attempt  to  answer  this  question  we  should  soon  become 
entangled  in  inexplicable  contradictions.  We  can  not  ask:  "Why  is 
our  body  not  consumed?"  since  it  does  actually  burn.  It  continually 
takes  up  oxygen  and  gives  off  carbon  dioxide.  The  same  answer 
applies  to  other  chemical  phenomena.  A  stick  of  sulphur  exposed  to 
the  air  seems  unchangetl,  but  it  is  only  apparently  so.  Iu  reality  it  is 
oxidized;  slowly  however,  and  so  slowly  in  fact,  that  we  would  not 
notice  it  iu  weeks  or  months.  If  the  process  were  however  continued 
for  years  or  decades  of  years  the  oxidation  could  be  measured.  The 
rapidity  of  reaction  is  clearly  proportioned  to  the  surface.  If  we  take 
finely  powdered  sulphur,  flower  or  milk  of  sulphur,  whose  total  surface 
is  much  greater,  we  can  prove  the  formation  of  sulphuric  acid  io  hours 
and  days.  C  AlOglc 
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Wk^  kks  Wfv  bnn  stttad  for  a  fev  c»a**  is  a  gtrnml  tnlb.  In 
<<nwTc»rwWrvdifllefi»t  !«l»t«K«s  Thick  awM  act  Bpoa  one  anothex- 
(Hit  ia  («>cTart  vJtiHHit  having.  piarticallT  spcvkia^,  aay  apparat 
acUtii  vptfa  carh  Mbw.  tc  can  hriog  tb«  n«|iiircmcots  of  the  teadune* 
«4'  «»Hii:;  \Bit>  vaisoo  vith  Ibe  art^  nmdinoDS  by  actaaDy  ascHbin^ 
»<>  ;Ws>p  $at<$taBr<«  an  ankta  vhk-k  is.  bwvrver.  »i>  slov  tkat  it  lies 

W^  uvir  Vy«  tb^  Bwuis of  cBt^nc*  apoB  oo« of  ibc  ■art  i^fMrtant 
aani!  XT^<K»«7i  i«n>S>»r<.  saBelr.  tfe«  £<parvh  aAer  tk»  tWiifl  aetiv 
iTT  iW  <Nr^::kc-.n:<d  t*Mi*H^  fttr.  a$  aU  ibe  af::v;:y  of  aiglWll*  dcp^ids 
x-wa  <-^=j7n  :=  ikMr  rL«a::t-;k]  ra^f^^,  all  kaovkd^  IB  lUs  ca^e 
Ar7«rti%is  ijwa  a  rt«nx«  <^-.w  :■*=*; ;^»i=  of  tb.*  ^luarartw-  of  tke  ckc^ical 
<^ja^««;.  If  ««  na  K::;ii«r$«a:  J  Lw  ;i«  ^brzixal  pfocoaes  of  omo- 
Sb>J><i-  %•  »l.xk  a"  |i j~sA'V>i>faJ  #»>«mes  of  ifc*o:y  £saIlT  ImkL  on 
Sf  A-  i«;~"ji;irti  ;iai  !Vy  are  »i»V  *:  ary  5.>,v»et:  t-  *±ap<  tkcandves 
r^;iK  <»<re<":j.:^-:- j:  iw;i-.rY»r  :;rs  cf  ;ii*  ecririiauw*  hirr  ti|-f  a 
st:^  ;:  «\ wv  Tx^^*v;  aoiX  :-  ^-iraai  vt  li*  k>  wi^Lcf  of  bfc. 

^r^  111.-7  .-.■r■,■.■tl.s;l.>.y>s»'l^  ca^  p«*-*rvi^  ::  *  T:-\TUf  ».«- a  kxt^  tiaw 
»  Tl>  «i;  •  It  ■'..-a.f  •  a  X  a  x-rwsrri":  ;•?  a-n...-3-  -.-"  vanr.  If  hjwi  irr 
■•■*  ^i"y».-«  a  :.ntvr  -.V  ;..  i.;--.  :;■«  srw  of  x'-'  "I  Ti**  S  miaia.-*;  of  vaio- 
.u  ii«*.~.;t3;N   Siy:- ;  ji,  a;-i    :  ■»  as  ?^o :tc  \.  ^:!-t.     .i.-r»i  ■» 

i.:>i.   t-  V."«v  ~     *\:'-^  ""i  ■>  *."  ■  f  i  C  i,X  X-  :*  il'-Jr-i  $rUf«  jf  E^. 

\:  i,">s  :  ieicii^  fc>  .:  •■?  i.i.;  ivc>r  -.it  i-sc  7f'-».ts.-i-a  rf  tmx  boa- 
T.i.~i~i-  ■*.-','iv*^  -r  —.'■•:•:■  .- ~.  ..:#  -.-(■■w  t-'fi-  f-'-MimJ'  Kac*  ve 
):>   V  iv:»;  ;  .  1 1^  »  I  ^-1  ,mi  ".■.•    ^  -i  c^  1  ;v-:';.i>^i  a,-.-   aif^  cArrt»  at 

>j  j"i.<-0    »    » ■     i    '■     i  '  S:  .m  r.^  ■«     1. .::  tj^  ?  c~>tainca.«  v^  aa 

.*,  :..,    biivii  :-     .  ,-   ..'i:-     I   ■:  !«.■    ,   f.-.i..x     1  -'.K  -■.-.-;■  r:iil -tf  t 

,-a.i    S:  .I.  vv   •  I-  1   *      !•"       iv  V  u  i     i.v«  a.-*   £ -;«   t>;jr^i>.-«  if  «^x:^a 
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it  is  however  to  be  aceomplished  in  a  second  or  in  several  thousaud 
years  U  a  circomstance  over  which  we  have  full  control. 

The  name  "catalytic  bodies"  has  been  given  to  substances  which 
canse  chemical  reactions  without  experiencing  any  change  themselves. 
We  will  DOW  change  this  definition  so  as  to  read  thus:  Catalytic  sub- 
stances are  those  which  modify  the  rapidity  of  a  definite  chemical  reac- 
tion without  cliaiiging  their  own  content  of  energy.  To  place  a  cata- 
lytic substance  into  the  reacting  bodies  and  to  remove  it  requires  the- 
oretically no  work.  This  proves  that  within  the  strict  province  of  the 
law  of  energy  there  still  remains  room  for  the  greatest  variation  in  the 
temporal  extent  of  the  phenomena. 

This  peculiar  circumstance  has  its  foundation  in  the  fact  that  in  the 
expression  of  most  degrees  of  energy  time  is  not  mentioned,  and  that 
therefore  the  equation  of  energy  does  not  determine  the  extent  of 
time  involved  in  the  phenomena. 

One  exception  is  made  in  Che  case  of  kinetic  energy,  which  depends 
upon  the  rapidity.  What  has  been  stated  above  does  not,  therefore, 
apply  to  this  fonn  of  energy.  Upon  what  the  action  of  catalytic  sub- 
stances depends  is  still  a  mybtery.  the  solution  of  which  is  the  more 
difficult,  since  it  can  only  be  explained  by  means  of  new  principles, 
which  are  beyond  the  law  of  energy.  At  present  we  must  be  satisfied 
with  the  knowledge  that  it  is  a  fsKit  and  must  seek  to  become  acquainted 
with  the  laws  involved.  A  beginning  hns  already  been  made;  from  a 
large  nnmber  of  various  investigations  it  has  been  found  that  many 
chemical  reactions,  which  nsaally  take  place  very  slowly,  are  hastened 
by  the  presence  of  free  acids;  or,  to  speak  in  the  langu^e  of  the  mod- 
em theories,  by  the  presence  of  free  hydrogen-ious,  and  that  this  action 
is  proiwrtional  to  the  concentration  of  the  latter.  The  greatest  variety 
of  phenomena  have  been  examined  in  this  respect,  partly  by  me,  partly 
by  my  pupils,  and  I  have  as  yet  found  no  case  where  this  statement 
did  not  apply.  Free  hydrogen-ions  are  therefore  without  doubt  exceed- 
ingly active  catalysators  of  a  general  character. 

At  the  same  time  numberless  specific  catalysators  exist  which  act 
only  upon  certiun  phenomena.  These  are  the  ferments  organized  and 
unorganized.  These  also  are  unable  to  do  more  than  to  change  the 
rapidity  of  certain  reactions  in  one.  or  the  other  respect,  and  all 
attempts  to  explain  their  action  mast  be  based  apon  this  their  sole 
property.  The  taws  which  they  obey  appear  to  be  of  an  extremely  com- 
plicated nature,  especially  with  the  more  complex  constituted  ferments. 
This  is  probablydue  to  the  fact  that  they  undergo  a  change  themselves 
while  iiiflueucing  a  certain  chemical  reaction. 

I  need  not  show  in  an  extended  manner  that  the  wonderful  action  of  | 
living  organisms  can  be  traced  to  a  regular  impulse  upon  the  chemical 
processes  which  take  place  among  their  constituents  in  accordance  with  ' 
general  chemical  laws,  and  that  these  again  may  be  traced  to  the 
action  of  catalytic  substances.    If  the  rapidity  of  reaction  in  a  muscle 
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m  huHtnuttl  wbiuli  may  be  legulated  from  a  ceutral  orgao,  this  muacle 
will  at'A-^tmpiinb  a  tMnreHimutliDg  amount  of  work.  Wbeo  however  tbe 
"oyjAy  of  eoerjfy  is  exImuaUH),  the  iufliience  of  a  catal}-stor  can  not 
fiirt'is  it  U»  &iiy  further  maiiifeetations.  The  aame  is  true  for  all  other 
M»-Xi  vttiHH  of  orgaiiittmK. 

f  i^ari  uot  uHHUine  t<>  have  made  clear  the  mystery  oflife  in  the  previ- 
MU  |Kiici'-M,  but  I  believe  that  1  have  solved  a  more  appareut  problem, 
tiMtm\y  to  Hbow  that  the  scieDce  vhich  is  seemingly  abstract  and  for- 
«4Kri  lit  iU!tual  life,  and  wLiuh  lias  developed  during  tbe  last  years 
uikIkt  the  Dume  physical  cbemiHtry,  is  a  science  of  the  highest  retil 
ini|Mfrtaiice.  If  it  will  be  [wssiblc  for  this  science  to  throw  light  upon 
lb»t  roootdlfltcultof  all  tlieproblemsof  nature,  the  mystery  of  life,  how 
niw\i  Kat*k:i  will  it  be  to  explain  by  nieausof  the  new  priuciple«  the  by 
f»r  imikJi  eauiur  pntblems  of  t43ulinical  vbemistry  which  have  not  been 
wdvi^il  NO  fai'.  It  is  t\mU;  natural  and  self-implied,  but  we  mnst  never- 
thckM  n!|M'ut  again  and  again  that  "The  more  perfect  the  theoretical 
t-yiAulum  of  the  wiwnw^s  bet^otnen,  the  greater  will  be  tbe  scopeof  their 
«ifil;ioiirioiiii  and  at  tbu  »aine  tinio  the  greatei'  their  practical  ioiirar- 
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THE  AMERICAN  CHEMIST" 


By  Prof.  G.  C.  CaldwELL. 


I  have  chosen  for  the  Bnbject  of  my  address  as  retiring  president  of 
tliin  society,  one  that  seems  appropriate  to  this  occasion  of  tlie  first 
gathering  of  a  representatiou  of  American  cbemists  on  a  fully  organ- 
ized basis  as  an  American  Chemical  Society.  My  topic  iH  tlie  "Ameri- 
can ChemiBt;  bis  Past  and  Present;"  and  if  Iwere  but  a  prophet  I 
would  venture  to  add,  his  future.  Even  as  a  historian  I  can  claim 
neither  si>ecial  gifts  nor  training,  and  wbat  1  may  have  to  say  must  l»c 
regarded  only  as  a  contribution  to  the  treatment  of  so  large  a  subject. 

Tlie  earlier  records  of  the  work  of  tbe  American  chemist  are  to  be 
fonud  only  in  periodicals  of  a  general  scientific  character;  for  it  is  only 
within  comparatively  recent  years,  as  we  know,  that  he  has  been  fortu- 
nate enough  to  have  joarnals  devoted  exclusively  tv  his  own  science. 
Before  tbe  establiahment  of  these  chemical  journals,  tbe  American  Jour- 
nal of  Sdcnce  and  Arts,  better  known  as  Nilliman's  Journal,  contained 
almost  the  entire  record  of  bis  work.  Besides  and  before  this  were  only 
Transactions  of  scientiHc  societies,  to  which,  however,  he  was  but  a 
meager  contributor,  with  a  few  notable  exceptions. 

Tbe  oldest  of  these  Transactions  were  those  of  tbe  American  Philo- 
sophical Society  of  Pbiladelpbia;  contemporaneous  therewith  was  the 
Xew  York  Medical  Repository.  My  history  begins  with  what  J  can  find 
in  these  periodicals  or  Transactions  Believing  that  tbe  whole  history - 
can  be  presented  in  a  more  interesting  manner  if  I  divide  tbe  period 
over  which  it  extends  into  distinct  subperiods,  I  will  give  my  account 
of  it  by  decades  after  and  inclusive  of  the  year  1800.  What  little  there 
is  OD  record  of  the  American  chemist's  work  prior  to  that  year  may  be 
included  in  one  period  and  set  forth  in  a  few  words. 

Of  that  time,  just  at  tlie  close  of  the  last  century,  Dr.  Priestly  was 
tbe  most  prominent  figure  in  chemical  science.  Indeed,  if  it  had  not 
been  for  his  coming  to  this  country,  and  his  persistent  devotion  to  the 
doctrine  of  phlogiston,  and  the  opponents  whom  he  aroused,  there 
would  have  l>ee]i  exceedingly  little  to  note  of  chemical  work  of  any 


'An  ndilreM  delivered  1iy  tbe  Tat'xnag  pTesideDt  ortheAmericnn  Chi-'miml  Sociut; 
at  tiie  HixtU  general  meetiDg,  Pittsburg,  Pa.,  Decunilier  28,  1892. — Kroiii  Journal  of 
the  Amenca*  Chemical  SQcieIg,  Docembei,  1892,  vol.  ,\iv,  pp.  331-349.        ,  -  . 
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kind.  As  far  back  before  this  as  1709  a  paper  waa  read  before  tfaA 
AmericaD  Philosophical  Society,  aud  published  in  the  first  volume  of 
the  TrannactionB,  eutitled  "Ad  aualysiB  of  the  chalybeate  waters  of 
Bristol,  in  Pennsylvania,"  by  one  Dr.  DeNormandie.  This  beiOR,  I 
think,  the  first  chemical  aualysis  made  in  this  country,  an  avcouut  of  it 
ta  the  aotbor'8  words  will  not  be  inappropriate.  It  runs  as  follows: 
Exp.  (I)  "A  small  portion  of  white  oak  bark  infused  in  the  wat«rf( 
iodncMl  an  immediate  change  from  transparency  to  a  dark  purple  color, 
wbiKli  it  retained  tweuty-four  hours  without  depositing  any  sediment. 
(11)  HoDie  of  the  same  water  after  being  made  hot,  or  exposed  for  a 
few  hours  to  the  open  air,  in  a  great  measure  lost  its  irony  taste,  and 
rti-hvetl  no  other  color  than  that  of  a  common  tincture  from  the  white 
tyak  bark,  (iii)  One  drop  of  strong  oil  of  vitriol  in  2  ounces  of  the 
water  priMlac^Hl  no  sensible  alteration,  and  the  water  after  standing 
tuitne  time  continued  transparent,  without  depositing  any  okerish  or 
Mli'tr  Mfdimtmt  to  the  sides,  (iv)  OI.  Tart.  pr.  deli<^.  dropped  in  some 
tit  tht!  Kame  water  induced  a  change  of  color,  reudering  it  somewhat 
yellow,  and  in  time  precipitated  to  tlie  bottom  of  the  cup  a  fine  gold- 
fjiUfTMl  okcr.  (V)  Sistcen  ounces  avoirdui>ois  carefully  evaporated  to 
dryiifMt  111  )i  china  bowl  in  B.  M.  {bain  marie,  i.  e.,  sand  bath)  left  one 
KTAto  of  a  yellowish  brown  powder  of  the  taste  of  tart,  tartariz.  (vij 
l^riKTi  nuiinU-.ot'tk  with  the  scum  floating  on  the  top  of  the  spring  is 
Imw^  with  a  strong  iron  mold,  (vii)  This  water  in  weight  is  exactly 
tli4-  naau:  nn  rain  water.  From  these  experiments  it  is  sufficiently  evi- 
'l^^iit  that  this  wAUtr  in  its  natural  state  contains  a  large  portion  of  iron 
flxMilvcd  in  pure  water  by  means  of  an  acid,  which  acid  is  extremely 
t«>I»rili'  »iid  of  the  vitriolic  kind." 

tit  !«iiotli«-.r  pajM'r  the  author  goes  on  to  describe  nine  other  experi- 
ii,f  III*  of  till-  HHiiie  HorC,  from  which  he  conoludos  that  his  first  deduc- 
tuiii  mi'iiulirmtui  that  tho  water containscoDsiderable iron, that theacid 
M,i,ti  Im-  Htticr  vitrirtlic  or  nitrous,  that  there  is  a  small  portion  of  neu- 
%nl  t'^XU  U\  \.\h-m:  watiTs,  that  they  contain  sulphur,  and  that  they  are 
'ir/ht\y  MM  lit:.  The  author  then  discusses  the  medical  properties  of 
U,f.  waU'T,  ('<r(ri|nriiig  it  with  the  German  Spa. 

}(mhiuu  f\M-  ft[r]H^Hrn  till  ITO-'I,  when  there  is  published  an  accountof 
»i$  fAttUy  MiihittHm^e  found  near  Niagara  Falls,  and  vulgarly  called 
>**\itAy  of  Ihi^falln.^ 

We  loro  from  such  criidi-  work  as  this,  even  though  probably  the  best 
i^f**ihU:  at  th*!  tiinn  and  placo,  to  that  of  Priestly  and  his  opponents, 
Mith  MM'iiM^  that  we  have  hold  of  something  of  far  greater  importance, 
fvMi  ifthit  main  v/riU-r  was  all  wrong  in  his  theory.  His  first  paper 
lirinU-d  111  thJM  connlry  appeared,  i  think,  in  1796.  in  the  same  Transac- 
tirMis  «»  "  Ksimrimt-rif*  and  observations  relating  to  analysis  of  atmos- 
plMrrioair;"  also,  fnH,her  exiteriments  relating  to  "  Generation  of  air 
from  water,"  the  coMclusion  from  "-'■"■'■  '-  that  water  is  convertible  into 
phlogiHti«;at''d  air,     Fr<»in  thi  fend  of  the  century  he  pub- 
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lished  nunierouB  short  articles  in  this  periodical  and  in  the  Xetr  York 
MeMeal  Repository. 

In  December,  1799,he  read  a  paper  before  thA  American  Philosophical 
Society  on  "  Change  of  place  in  different  forms  of  air  through  several 
interposing  substances,"  ami,  says  Dr.  Bolton,  ."recognizes  distinctly 
for  the  first  time  the  phenomenon  of  gaseous  diffusion."  In  the  volume 
of  the  New  York  Medical  Repository  for  179S-'99  he  published  eight  let- 
ters to  Dr.  Mitchell  defending  the  doctrine  of  phlogiston.  In  the  same 
journal  Dr.  J.  Woodhouse,  professor  of  chemistry  in  the  University  of 
Peniisylvuuia,  had  many  papers,  from  1795  to  1800  and  beyond, — oppos- 
ing Dr.  Priestley's  phlogistic  views.  What  meager  showing  tins  is, 
when  we  consider  that  on  the  other  side  of  the  ocean,  we  find  in  the 
Annalm  de  Gkimie,  the  first  volume  of  which  appeared  in  1789,  sneh 
names  ot  French  chemists  as  Fourcroy,  Lavoisier,  Berthollet,  Cbaptal, 
Sennebier,  Pelletier,  Seguin,  Vauquelin,  Guyton  de  Morveau,  and  others, 
as  contribut<)rH,  from  1789  to  1800,  of  articles  on  the  great«st  variety 
of  chemical  subjects ;  qualitative  and  quantitative  analyses  of  minerals 
and  mineral  waters,  studies  of  the  chemical  i)roperties  of  elements  and 
of  their  compounds,  the  chemistry  of  plant  life  and  animal  life,  proxi- 
mate analyses  of  some  organic  substances,  the  preparation  of  pure  salts 
of  various  kindi^,  the  illuminating  power  of  different  oils,  besides  the 
discussions  on  phlogiston,  which  were  of  course  a  prominent  feature  in 
the  chemical  literature  of  tbat  period  when  this  theory  was  receiving 
its  death  blows  at  the  hands  of  Lavoisier.  Boohs  on  chemistry  were 
pablished,  such  as  Methode  de  Nomenclature  Chimique,  Traiti  de  Chimicy 
Easai  de  Statiqne  Chimique,  System  des  Connaissances  Chimique,  Philo- 
aophie  Chimique;  and  in  tbat  same  period  the  Annales  de  Chimie  was 
started.  In  Germany  there  was  Bichter,  author  of  An/angsgriinden 
der  Stochiometrie,  der  Messkunsl  Chemisclier  Utemente,  and  "  Ueber  die 
neueren  Qegenetande  in  der  Ckemie,"  in  which  he  established  by  his  own 
researches  "the  doctrine  of  proi>ortions  by  weight,  and  showetl  that 
acids  combined  with  bases  to  form  salts,  and  devcloijcd  the  law  of  neu- 
tralization." There  was  also  Klaproth,  the  first  professor  of  chemis- 
try in  the  University  of  Berlin,  who  developed  especially  quantitative 
analysis,  established  by  his  improved  methods  the  composition  of  many 
minerals,  and  discovered  uranium,  titanium,  and  zirconium.  lu  Swe- 
den there  was  Scheele,  who  made  a  multitude  of  im|H>rtant  contribu- 
tions to  chemistry,  of  which  even  a  very  imperfect  enumeration  would 
take  too  much  of  my  time;  and  Bcrgmann,  eminent  as  an  analytical 
chemist  and  for  his  researches  in  analytical  chemistry. 

In  England  there  was  Cavendish  who  established  the  comjtosition  of 
water,  and  of  nitric  acid. 

We  pass  on  to  the  next  decade,  1800-1809,  when  in  England  Sir 
Humphrey  Davy  first  appeared  prominently  as  a  discoverer  in  chem- 
istry, and  published  his  accountof  the  isolation  of  the  metals  |>otassium 
fkuA  sodium,  andDalton  with  his  first  developments  of  tlieatomic  theoryt; 
SM93 16  OOgIC 
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when  ill  Sweden  there  wan  the  great  Berzelius,  who,  from  1807  on, 
devoted  his  entire  eiieryy  to  one  great  aim,  the  development  of  the 
atomic  theory,  and  the  first  volUQic  of  whose  LfAr&ucA  appeared  in  ISOSj 
in  France,  Gay  Lnssa<^  who,  in  180R,  announce*!  the  law  of  combination 
of  gaaea  by  volume;  Theiiard,  beginning  iu  1S07  his  iiivestigatioDD  on 
the  comiMimid  ethers;  and  I'ronst  (really  in  Madrid,  whither  he  went 
from  France),  who,  in  Die  lant  year  of  the  preceding  decade,  began  his 
fljjht  with  Berthollet,  contending  for  eight  years  for  the  constancy  of 
proportion  in  the  composition  of  chemical  compounds. 

Surely  something  of  the  spirit  of  this  great  work  going  on  in  Kurope 
sbonld  begin  to  muke  itself  felt  ncross  tlie  Atlantic,  even  though  the 
communication  between  the  New  World  and  the  Old  was  still  so  diHicalt 
and  narrowly  limited.  Itut  there  is  practicallyiiothing  recorded  in  the 
only  journals  to  which  J  hnvc  access,  those  already  named,  and  there 
is  good  ground  for  believing  that  nothing  ini)>orlantwas  done.  Priest- 
ley was  still  contending  for  phlogiston  with  Dr.  Morehouse  and  Dr. 
Mitchell,  and  i>crfortning  some  experiments  of  small  account  compared 
with  what  was  being  done  abroad:  such  as  "Observations  on  the  dis- 
covery of  niter  in  common  salt  which  had  been  previously  mixed  with 
snow,"  and  "Transmission  of  acids,  etc.,  in  the  form  of  vapor  over  sev- 
eral substances  in  hot  tubes;"  "  Production  of  air  by  the  freezing  of 
water."  Kobeit  Hare,  jr.,  first  appears  in  an  "Account  of  fusion  of 
Btrontites  and  volatilization  of  platinum,"  and  B.  Silliman  in  an  "Anal- 
ysis of  a  meteoric  stone."  Also,  there  is  mention  of  iierhaps  the  first 
soil  analysis  in  America,  under  the  title  "On  the  substances  which 
constitute  the  mineral  soil  of  the  environs  of  Boston." 

All  records  fail  me  of  any  work  done  in  the  next  decade,  nothing 
being  given  in  the  above  Transactions,  till  thea|>pearauceof  Sillimau's 
Journal  in  1819;  the  eight  short  papers  of  that  year,  one  of  them  by 
Dr.  Hare  niid  the  others  by  Silliman,  only  one  to  four  pages  each,  and 
relating  to  nnim{>ortant  topics,  merit  no  further  mention, 

III  the  ttrenlies  over  seventy  papers  of  chemical  imjKirt  were  given  in 
Silliman's  Journal,  of  which  sixteen,  mostly  by  Robert  Hare,  and  very 
short  with  but  four  or  five  exceptions,  referred  to  new  forms  of  chemical 
apparatus  or  to  reagents;  seventeen,  from  one  to  seven  pages  in  length, 
related  to  Hnalyseii  of  minerals;  there  were  two  papers  on  the  present 
state  of  chemical  science  and  three  on  atomic  weights,  or  points  in 
chemical  theory ;  other  topics  were  generally  of  no  special  interest.  In 
the  Transactions  of  the  American  Philoaoj>hiciil  Society,  and  ia  the 
Journal  of  the  Frankhn  Institute  which  was  started  diinng  this  period, 
and  the  Proceedings  of  the  Lyceum  of  Natural  History  of  New  York, 
were  nine  short  papers,  chiefly  on  iinalyscs  of  minei-als. 

In  the  thirties  abtmt  one  hundred  jiaiiers  appeared  iu  SilHiiian's  Jour- 
nal and  the  Journal  of  the  Fnitiklin  Institute,  nearly  all  of  which  were 
short — less  than  Ave  pages  long;  but  the  character  of  the  work,  so  far 
as  tudicat«d  by  the  topics,  was  becoming  higher;  twenty-six  jwpers 
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relateil  to  stadiett  uf  tbe  properties  oS  vhcmical  elements  or  their  inor- 
gauic  comijonnds,  and  Afteen  to  Btudies  in  organic  chemistry— none  of 
them  very  deep,  perhai>8,  but  still  on  a  higher  plane  than  heretofore; 
only  fifteen  related  to  analysis  of  minerals  or  mineral  waters,  six  or 
i-iglit  to  technical  matters,  and  neven  to  analytical  methods;  tbe  remain- 
der were  on  miseellaneous  topics,  mostly  of  subordinate  importance. 
Atiout  twenty-five  of  [he  whole  number  of  papers  were  contributed  by 
Dr.  llobert  Hare,  many  of  them  very  short,  and,  as  in  previous  years, 
on  new  forms  of  apparatus  or  new  methods  of  preparation  of  subsbinces, 
iu  the  devising  of  which  be  appears  to  have  been  very  ingenious.  No 
other  single  writer  was  so  prominent  in  tbe  records  of  either  this  or  the 
pi-eceding  deuailea. 

In  the/ortiea  (1818),  a  new  periodical  was  added,  the  Transactions  of 
the  American  Association  fiM"  the  Advancement  of  Science.  Furthermore, 
original  work  in  chemistry  took  a  wonderful  start;  aud  well  it  might; 
for  such  names  ap)>enred,  familiar  enough  to  some  of  the  oldest  of  us, 
if  not  to  the  younger  nieu  in  my  audience,  as  W.  B.  and  U,  E.  Hogers, 
tbe  first  of  whom  afterwards  took  an  imjiortant  part  in  the  organiza- 
tion of  the  Massachusetts  Institute  of  Technology;  J.  Lawrence 
Smith,  C.  U.  Shepard,  John  W.  Draper,  T.  Sterry  Hunt,  E.  N.  Hors- 
ford,  and  W.  Gibbs,  many  of  wbofn  Lad  received  their  inspiration  in 
thelaboratoriesof  Germany.  Smith  studied  under  Ortila,  Dumas,  and 
Liebig;  Draper,  a  native  of  England,  under  Dr.  Turner,  of  tlie  Uni- 
versity of  London ;  Horsford  under  Liebig;  Dr.  Gibbs  under  Bammels- 
bnrg,  Kose,  Liebig,  aud  Itegnault. 

Over  a  hundred  papers  appeared  in  tbe  jieriodicals  above  named, 
and,  while  greater  length  does  not  necessarily  mean  much,  nevertheless 
when  papers  of  ten,  flfteen,  twenty  pages  or  over,  are  the  ride,  rather 
than  papers  of  two  to  four  or  five  pages,  it  is  not  far  out  of  tbe  way  to 
suppose  that  when  such  men  as  these  I  have  named,  and  Silliman  and 
Hare,  write  them,  they  are  not  made  up  of  padding.  Classifying  these 
hundred  or  more  papers  roughly,  about  forty-three  of  them  may  prop- 
erly be  called  purely  scientific  papers  on  inorganic  chemistry,  twenty 
on  organic  chemistry,  twenty  on  analyses  of  minerals  and  waters,  ten 
on  analytical  chemistry,  and  the  I'est  on  technical  or  other  triples  more 
removed  from  pure  science.  J.  Lawrence  Smith  contributed  eight  of 
these  papers;  Hunt,  ten;  the  Rogers  brothers,  eight.  Dr.  Harewa.t 
still  prolific,  contributing  eight  papers.  Eight  of  the  papers  were 
purely  theoretical,  such  as  those  on  "The  idea  of  an  atom  suggested 
by  the  phenomena  of  weight  and  temperature;"  "Allotropism  of 
chlorine  as  connected  with  the  theory  of  substitution ;"  "  Anomalies 
presented  in  the  atomic  volumes  of  phosphorous  aud  nitrogen;  ^  "Prin- 
ciples to  be  considered  in  chemical  classification ;"  "  Theory  of  »!om- 
pimud  salt  radicals." 

In  the  fifties  about  one  hundred  and  seventy  papers  were  published, 
against  one  hundretl  iu  the  preceding  decade,  classified  as  follows: 
purely  scientific,  inorganic  chemical  work,  about  sixty;  organic,  eight; 
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auuJjt'tit-^.  twenty  ttarm-:  miiieiral  anklyw^t' and  stadieK.  forty;  technical 
sab.iM'ls  niuet^^n:  miMwdliuMyHK^  eigbleen.  Sevet^  of  tlkcse  impers 
are  tlHuoreticiJ  Modies;  Vs  "I'diniiarisctu  between  atamir  wei^ts  and 
t-bemioa)  u>d  j)b,VFiical  artion  of  bahan.  f«tnaitiiim.  ealciaML,  and  mag- 
iteMoin.  iritliMnneof  tl)«ir<«im]MHiudti:^  -'XootericalrelatioDK between 
tbe  iitoiDK-  w«-j(:htii.  am)  Rome  IttADgliO'  on  thr  cdaRHfiratJon  of  tfae  ele- 
ments;" -  TlM^ret.ical  rflat.ioii  of  watwr  and  fa,v<)rogeti ;"  "Appouvnt 
jiprtarbation  of  tbe  law  of  definite  proiMntioneincnnipoandBof  cincaad 
uf  antinKmy:"  "RalkiuaJ  <ympa)tiit}oii  of  pertain  oi^iaair  earn  pounds,^ 
etc  New  and  well-tiKtwD  nume^  apjteannjr  prominently  were  those  of 
Gentb.  Mallet  <'ooke  (.1.  !M.  Krnsh.andC.M.  Wanen.  Robert  Hare's 
name  di8api>eiu-&  fVioke.  iu  In;' Hrti(-)e,«l>oven>entiou«d,  on  tbe  numer- 
ical relations  lietween  tbe  alomi<-  weipbts,  ett..  eJasetfies  the  eleineut£ 
in  tiin  seriefl  Mmilur  to  tbe  t^rie«  (tf  boaolopieii  in  orpuiic  rbemisti^'; 
in  eaii'fa  series  the  differeitoe  between  tbe  KD<-<«ssiTe  atomie  weights  is 
a  mnltiple  of  some  whole  iiumlter.  this  iinnil>er  bein^  different  for  the 
difTereut  series.  He  rIiows  that  the  itro]«rties  of  tbe  elementji  in  each 
serifR  follow  H  lnw  of  pntpreiisioH ;  Uie  uumerical  law  for  tbe  progression 
in  the  s]»e*-ilie  jrravityis  {riven;  and  wlien  a  Kntticient  niunlierof  deCer- 
minatiiins  shall  have  tM<enniade  of  such  oilier  itroperties  as aie capable 
of  tneafinrentent^  be  prenlii-t,"  that  nnmerical  laws  for  eAcfa  of  these  kinds 
of  variation  ean  Ite  ast-ertAimil,  Thus  he  litoks  forward  to  a  perfect 
seiemectf  chemistry  in  which  we  shall  be  able  to  foretell  with  certainty 
tbe  proiHTlics,  imt  only  of  niidisi-overed  element*!  in  any  f^ven  series, 
bnt  uImi  ofthe  con))KnnuUof  1hcs4^' clenienl^  Tliere  are  many  corre- 
Mivondcnces  Ix'twoen  his  clDssitication  and  iliat  of  Mendeleef,  and  as 
altove  shown,  ho  forsha<lo\Ts  the  idea,  already  realir^d  with  tbe  aid  of 
1kl(>ndeh'-ers  elassiliration.  of  the  ]M)ssJl>i1ity  of  Im^ating  and  ilescribing 
bithertoiuiknuwnolcinentR.  Uniit  contnbntiilix-venteenof  tbepapers, 
largely  Riven  to  llio  analysis  an<l  constitution  of  minerals;  indeed,  tbe 
e\aminntii>n  of  .\m«ricnn  iniitenils  \vju>  a  very  jH-ominent  feature  of  the 
chemical  work  of  this  d<vado,  as  shown  hy  the  number  of  pa|>ers  on 
Ihe  subjit't,  ,1.  Lawrence  Smith  and  Mallet  did  the  largeat  part  of 
their  woik  on  lliix  line,  and  the  former  made  an  im)mrtaut  contribu- 
tion to  Ihe  methodn  of  anhiysis  of  minerals,  in  his  new  process  for  tbe 
M-paratiou  of  the  ulkiilies.  It  was  in  1liisile<'ade  that  Ihe  famous  work 
Hp]H-an-il  of  (iibim  and  (ienlh  on  the  Ammoniao  Q^balt  Bases,  cover- 
ing "lit  ipiiii  to  panes  of  the  •SmitbsoniLin  t'onlrihutions  to  Knowleilge — 
the  longest  slnnle  aillclc  Unit  had.  up  to  that  time.  aiii>eare4l  on  a  chem- 
ical n rch.     \  IV  ilctcnniinition  of  the  ,ttomic  weight  of  lithinm  au<l 

nf  antimony  wan  iinnlc  b>  Mallei,  the  lirst  work  of  this  kind  done  by 
an  Amciiciin  cliemiMl,  li  nnty  wi-ll  he  said  lluit  this  is  the  ftrstdecade 
of  cheiniciil  icHcanli  In  IIiih  eonnit\\  which  has  some  prominent  and 
imporlaiil  clnitai'teiiniiih  to  ilislliif;nish  it  fn>m  the  others  that  pre- 
ceiliMl  IIh 

lu  tbe  «"■(<'»  tllmnl.  t«o  hamlivd  and  flftwn  {iai>ers  were  published, 
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agaiust  one  hundred  and  seventy  in  the  fifties,  of  wbicli  nitiety  per- 
tained to  general  inorganic  cliemistry,  forty  to  organic  chemistry, 
tweuty-eight  to  methods  of  analysis  and  new  forms  of  apparatus  for 
analytical  purposes,  thirty  to  the  analysis  of  toinerals  and  mineral 
waters;  seven  were  on  technical  subjects,  fourteen  on  meteorites,  four 
on  agricultural  chemical  topics,  and  three  on  animal  or  vegetable  phys- 
iological chemistry.  More  attention  was  given  in  this  decade  than  in 
the  preceding  one  to  more  purely  scientific  studies  in  general  chemis- 
try, for  on  inorganic  and  organic  chemistry  together  there  were  one 
linndretl  andthirtypapers,  against  only  sixty  eight  in  the  earlier  period, 
wliilc  analyses  of  new  minerals,  also  genuine  scientific  work,  were 
almost  as  nnnierons  as  before.  The  most  prominent  contributor  was 
Lea,  nearly  all  of  whose  papers,  over  thirty  in  number,  were  on  impor- 
tant topics  in  both  inorganic  and  organic  chemistry.  Cooke  and  Hors- 
ford,  of  Harvard,  and  Gibbs  and  J.  Lawrence  Hmith  contributed 
important  pui>ers,  aa  did  also  Hunt;  Warreu  made  some  important 
contributions  in  organic  chemistry.  Other  contributors  were  Brush, 
Onlway,  Crafts,  and  Wetherill.  Hinrichs  first  appeared  with  his  theo- 
retical essays,  which  some  of  us  haveperhaps  attempted  to  master  and 
assimilate.  Of  the  pai^rs  on  general  inorganic  and  organic  chemistry, 
about  forty  were  from  ten  to  thirty  pages  in  length,  indicating,  at  least 
as  to  quantity  of  material  to  be  communicated,  research  studiesof  con- 
siderable length.  The  proportion  of  such  long  papers  was  very  much 
smaller  in  the  preceding  decades. 

There  is  much  work  deserving  special  mention  in  this  decade,  such 
as  Clark's  "  Constants  of  Nature,"  a  collection  of  all  the  reliable  deter- 
minations of  specific  gravities,  boiling  points,  melting  points,  sjtecific 
heats,  and  expansion  by  beat,  and  covering  450  octavo  pages  of  the 
Hmithsonian  Miscellaneous  Collections;  Warren's  Monograi>h,  of  100 
quarto  pages  in  Tke  Transactions  of  the  American  Academy  <>/  Arts  and 
Sciences,  on  "  A  new  form  of  apparatus  for  ttactional  condensation  of 
volatile  liijuids  free  from  objections  incident  to  the  methods  in  use;" 
and  "  Researches  on  volatile  hydro-carbona;"  also,  his  papers  ou  "  A 
new  niethcHl  for  combustion  in  a  current  of  oxygen  gas  alone,  without 
the  use  of  cupric  oxide;"  and  on  ''The  analysis  of  organic  substances 
containing  sulphur  and  chlorine," 

As  one  result  of  his  work  on  the  hydro-carbons,  Warren  showed  that 
the  elevation  of  the  boiling  point  for  an  increment  of  CIIi  in  homolo- 
gous series  is  30^,  or  much  larger  than  was  hitherto  supposed;  and 
that  in  certain  other  series  derived  from  the  benzole  series,  differences 
in  boiling  points  for  OUj  added  or  removed  are  much  smaller  than  19'^, 
Kopp's  figure. 

Worthy  of  mention  is  Lea's  attempt  at  a  classification  of  the  elements 
in  several  groups,  the  members  of  each  group  difi'ering  by  44^-45,  show- 
ing that  "  the  elements  thus  groui>ed  consist  of  bodies  whose  proper- 
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dictiiipiiKfauif;  riiar^rtetiiaicfi  of  tb*-  farlHttuKiw  flBWiiid."  Oa«  sock 
fmnpstKnevilLSkliMKl:  Ak.  7r>:  r..tl :  S,  14:  Su.9t.utd  Ph,  103-5. 
JOHiliter  (x>R>i>riM«  Hf;.  :Wli;  4  d.  II:;:  Eiu^LVS.  and  Mg.  34-4;  aU  tbe 
■MinlitTK  <^  tLis  laKt  (ntaip  an-  in  fiuf  trf"  MradeltiriV  mwpK.  aad  tbe 
first  foor  attralm^'  <if  tlte  lirsi  prdap  are  also  in  aaathrr  of  MenddeeTs. 
TLiK  ^tniiiuf  is  fiiandtid  <iti  a  hrnad«r  liatuK;  Iwt  Lta*^  van  {MiUisbed 
tliim*  years  a^rn.  in  1 S4VL 

OiM><i  Rh«ir«d  br  reiereiKie  ifi  iIh-  T<ikwmetric  ni»tkm  of  fraacoos 
oaiii}tr>nudR  tiiat  if  tiff  itrogMttw^  im-v  at^nak-  «-«-J^t«.  lA.  12.  aad  3:^  be 
M^fitlfi  f<iroxT{rfu.«ai^ii.aJtd  Knlftlmr. tl>c  aXaMr  vtnf^lnBof  atl«ast 
fifty  ot.lMT  AkMufDls  iDDst  he  doDhlM.  ai>d  at'  1m-  is  uot  a  naa  to  £ail  to 
giv«-  dae  otidit  U*  otb«r»  it  i^  fair  u>  inft-r  thai  W  was  tfar  first  to  call 
an^-iitioii  t<>  IliiB  SMieKsiTy.  Leu's  vurk  on  tLe  ctliyl  Itawsn,  as  be  callR 
tlxoiL.  dieifaylaiuiiK-,  tT>i-tli>-laniiDf.  *-t<-^  i>  n(nn]«i«wd  ia  several  |iapers, 
ia  vtiK-b  lie  pivw  a  vciy  fnl]  ao<i>niil  nf  iIm-it  reartioas  aod  a  new 
luellioO  (ifwiuiraiin}:!!**-!!!  t-yiiicricaciil.  4>rdv])yf:aTeaT»fyexlianBt- 
i\f  ]ui4M*r  «n  (aololih-  ^las:^  iu  f)ienii?-Try  atd  af^lkaitiaBS;  Gibbs  aad 
Lea  hImi  id»<1<-  e\t4-iisive  res)'an'l)es  on  ibe  |t)atiniiB  BHCal&.  aod  very 
iHita.1>)«>  are  iLe  many  fonlnbiiT.ioiis  ni»de  hy  4iiM(s  <m  im{<iOTeflaentf<  in 
ntelltod^  of  HQaly>is.  ETW^iihiiiir  (^wniiis  A«  bis laltoratmy  was  reli- 
aliK  and  llMre  w»>.  mti<h  of  it.  I] mil  vu^>I>>l>t«il  three  pap«rs  oo  the 
cbemisriy  of  niiii«-ra]  rulers,  in  »lii<li,  ,id  Tlie  liasis  of  rertain  general 
principles  laid  down,  and  of  a  nmnber  i>f  analy^tes  of  vaterB  of  the 
Clinnqilain  knd  Si.  Lawn-nee  lutsins,  lie  nnenipletl  to  trace  the  histtK^- 
of  lln-j»e  «-ai<-rK  and  atv-onnt  for  ilicir  orijrin.  and  ia  aootlMT  paper  he 
aiteni]ite<l  hIai  to  traoe  out  lln-  ori^iiii  of  ilie  dolomites.  Crafts  with 
Frieiii-l,  by  n-snlts  of  rc^-anli  on  ibe  siltcir  Hbers.  proved,  as  be  thinks, 
mnvintinely  ibc  tetraioniir  Hiar»<t«-r  of  skiliiinm.  GaffiekTs intN«(t- 
ins  n-s<'jtnlies  on  the  anion  of  snnlij;lit  on  ^lass wen autde in  this 
dwiide,  Gililis  mad.-  a  \-«-r>-  xahial.le  (MmtriUntion  to  the  resources  of 
pbysiral  clH-niistry  by  a  c«linliUion  oftbc  wave  l.-npThaof  tbeline»of 
a  large  nnmlter  of  ilif  i-li-nn-nts,  fn>ni  nMa>nrenM-nls  niadeby  Angstroin 
and  Dilsi-lii-iner.  nnd  llupfiin's  scale  ofwa^-e  lenplis  of  I.OOO  lioea. 
Goesiiniitn  iliscns.'iod  in  a  rjin^fnl  and  tlioronsli  ninniHTlheoripu  of  the 
salt  bttls  and  tlie  eon)|io.<.ition  of  tbe  sail  »iid  tbe  brine  of  the  ocean 
waiej, 

Tbrw  nituble  IxtoLs  Kp)ie;4n'd  in  ibis  dtv-Mde.  Cooke's  "CfaeinicHl 
I'hyftioA."Ston>r"s"Itiotioniu-y  of  Solnbibiie!;."  and  Wormley's  "Micro- 
ebemistiy  of  Toi.-wiiH," 

Id  the  »-rrntirf,  at^ini.  iMrt  )tit)ter«  w.-r*  pnblisbrti,  a  part  of  them 
in  three  m-w  iteriixlioiiU  The  American  Instimtt'of  Mining  Engineers 
issued  its  first  volume  of  lYansm-inws  in  l.-^Tl.  M,tbods  of  chemical 
analysis  naturally  ownpir^i  mnoliof  ibeaitention  of  theobonical  mem- 
bers ofthis  instittit(\  Tbe  Amrri,vin  CArmiortf  ./nm-iMf  and  the  Joanwil 
of  the  Awirrktitt  Vhrwictit  S^>cirtfi  nn>de  tboir  first  appearauoein  1879. 
This  society  was  '  In  l.'^TT  and  pnblishe^l  two  votanesof 
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TransactioDa  prior  to  tbe  issue  of  tbe  first  voliinie  of  its  journal.  Dr. 
ChamUer^a  American  Chemist  also  appeared  in  tliis  decade,* 

Eighty  of  tbe  papers  published  referred  to  general  iiiorgntiic  chemis- 
try; 47  to  organic  chemistry;  57  to  aualytical  methods  aud  apparatus; 
only  13  to  minerals  and  mineral  craters,  and  the  same  tu  technical  Rub- 
jei:ts;  21  short  papers  were  on  meteorites;  agriculturiil  chemistry  had 
14  papers;  physiological  cbemietry  5;  and  sanitary  chemistry  2.  Ana- 
lytical chemistry  was  very  much  more  prominent  in  tbe  vork  of  this 
decade,  and  in  fact  than  at  any  time  before  it;  methods  of  agricnlturnl 
chemical  analysis,  as  well  as  of  analysis  iicrtaiuing  to  tbe  mining  engi- 
neering iutereata,  especially  of  iron  and  steel,  received  special  attention. 
The  prominent  contributors  were  M.C.  Lea,  J.  Lawrence  Smith, Gibbs, 
Bemsen,  and  Clarke;  there  were  130  writers  in  all,  of  whom  only  14 
contributed  5  or  more  papers,  and  only  2,  Lea  and  J.  Lawrence  Smith, 
contributed  over  10  papers;  but  many  of  these  papers  were  short.  In 
mass  and  importance  of  material  published,  Gibbs,  Clarke,  Mallet,  and 
Aemsen  ranked  as  high  as  the  nmre  frequent  contributors,  esiiecially 
if  they  receive  the  credit  due  them  for  work  done  in  their  laboratories, 
although  published  in  the  names  of  their  assistants  or  students.  Tbe 
beginning  of  Chittenden's  extended  work  in  physioh)gieal  chemistry 
appeared  in  this  decade.  Bemsen,  C.  L.  Jackson,  and  A.  Michael  also 
became  prominent  as  leaders  in  research  in  organic  chemistry.  Gooch, 
besides  giving  as  his  crucible  fur  filtration,  published  a  valuable  work 
on  the  determination  of  jtliosphorns  pentoxidc.  Gibbs  began  his  long 
and  difficult  research  on  complex  inorganic  acids,  of  tungsten,  and 
molybdenum.  Clarke  traceil  out  some  new  relations  between  the 
atomic  volumes  of  the  elements.  Ililgard  began  his  work  on  tbe 
methods  of  analysis  of  soils,  in  which  he  is  now  tbo  universally  recog- 
nized authority.  J.  W,  Draper  showed  that  the  diagram  given  in  so 
many  works  at  that  time,  and  occasionally  even  now,  exhibiting  une- 
qual distribution  of  heat  and  actinism  in  the  solar  spectrum  is  mis- 
leading—that,  on  thecoutrary,  the  heat  and  chemical  power  areas  great 
at  one  end  of  the  spectrum  as  at  the  other,  the  ditfrac.tion  sjiectrnm 
showing  no  such  inequality  as  tbe  diagram  represents.  Lea  continued 
his  research  on  the  action  of  light  on  silver  salts  and  also  made  new 
determinations  of  tbe  atomic  weights  of  nickel  and  cobalt.  J,  Law- 
rence Smith  established  tbe  presence  of  a  solid  hydra-carbon  and  f^ee 
sulphur  in  meteorites.  Cooke  made  new  determinations  of  the  atomic 
weight  of  antimony. 

While  there  are  single  researches  in  the  preceding  decade  of  higher 
imiH>rtanee  than  any  tliat  appear  tu  this,  a  careful  comparison  of  the 
whole  amount  of  work  done  might  show  that  there  was  little  difference 
in  the  real  advance  made  in  the  two  decades, 

■ThiBjoiirnul  was  bfgiiu  in  .hily,  1870,  ami  completcl  buvpi.  volumes,  ending  in 
18T6.  It  liiul  lieen  prcueiled  by  an  Ami^Ticau  reprint  of  the  Engliab  Cktniieal  Xttu, 
with  an  American  Bupplemeot. 
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lu  1b^  r.,  i-  f«  ir^  -itv  an  ^:»iorat->c>  ^ra^tn-  ;:■  rtM^or*!  vnrk.     One 

}£.\clax\*  y-i  |vtj4TS  ita  tb^  «-\.u:.:-.«r>4i  t^  k«i^  and  dimgs  in  tbe 
K<?(x«is  .tf  IVmnl^  .»i"  Urj^::.  ^k  ',l-Tr*  <k  x<^-  Sc«*».  »wI  of  papers  hi 

hNbt>i  «^!^  9'.>i.vut  STrv  &^.ti  :-.A!.:>.\r  ^-f  ;•.-.; irrs  rxorptcd  as  afaore  the 
K-;»l  ».«;;.:  crt*;r;j  ;  .4  V  >ss  ;i.»a  »«.  «■  ■wr*  tLaa  tkrw  aad  a 


irr.  i^  I,'  jtv;,:.A*;  *^ir,-.-,«;j  ;  .V  ^\   il.  **.."■..  ._>,-i"  fAifitij;  33  to 
*;^j"M**  .-c  t  -•.tc-Jil>  »".>i  i,  ■- *T-iI  »  i;irrs,i".  ;  ».?*>  ,v*  na>uT  **ty  short 

til~.  X'.'i.^-'i  :^:tvx.j(>  -y  Av.y  xw>r'-'j.i.>  ;-   iitr:-:,    iV<ET<»r:z^  is  this 


*  »..».-*<,»."  I  T-,----^;  ■,^-  >.  rjv  U  i\  1-  'JlJ»rk.aaB. 
-1,    V-    *:■:.  >;,-i- -i*:-:^    V.    *\   SiHJtt-  axJ   Wiley. 


V-   ..  <f   .-. 


>  i"^   ;>   7iiawr»  «■ 
.!.«    i  -xsv^  aiv 

.  -.- — uxv  s»  Mas 


t  ^TT  «*  a3 


DigmzedbyGoOgle 


THE  AMEBICAN  CHEMIST.  249 

decade  oo  the  complex  orgaoic  acids.  Morluy  contributed  his  masterly 
papers  od  the  analysis  of  air  and  his  work  on  the  atomic  weight  of 
oxygen;  Becker,  bis  digest  of  investigations  on  det«rminatioDS  of 
atomic  weights  since  1814,  occupying  270  pages  of  the  Smithsonian 
Miacellaneaut  ColUctiona;  Clarke  gave  his  re-calculations  of  the 
atomic  weights;  M.  G.  Lea,  bis  discovery  of  the  allotropio  forms  of 
silver;  Cooke  and  Kicbards,  the  re-determiuation  of  the  atomic 
weights  of  oxygen  and  hydrogen;  Mallet,  his  revision  of  the  atomic 
weight  of  aluminum  and  determination  of  the  molecular  weight  of 
hydroflunriu  acid;  Craft's,  his  determination  of  the  vapor  destiny  of 
iodine,  with  results  differing  from  those  of  both  Deville  and  Troost, 
and  Victor  Meyer,  and  his  paper  on  the  vapor  density  of  permanent 
gases;  and  Warder,  some  of  the  first  beginnings  of  work  on  physical 
chemistry. 

I  have  had  pointed  oat  to  me  by  a  competent  authority  as  the  most 
signiflcantpapersinorgauicchemistry,  "Oxidation  of  substitution  prod- 
ucts of  the  aromatic  bydrot^arbons,"  and  "  Investigations  on  the  sul- 
phinides,"  by  Remsen  and  his  pupils;  "  Rttsearches  on  the  substituted 
benzyl  compounds,''  by  Jackson  and  his  pupils;  "Furfnrol  and  its 
derivatives,"  by  H.  B.  Hill,  and  "  Researches  ou  allo-isomerism,"  by 
Michael  and  bis  pupils.  Other  leaders  in  this  organic  work  were 
Mabery,  L.  M.  Norton,  and  W.  A.  Noyes. 

Id  analytical  chemistry  nothing  more  prominent  appeared  than  Mal- 
let's most  valuable  and  exhaustive  work,  in  the  report  of  the  lamentably 
short-lived  IT.  S.  Board  of  irealtb,  on  "The  determination  oi'  the 
organic  matter  in  potable  water"  and  Morley's  on  "The  analysis  of 
air.'*  Analytical  chemistry  was  much  advanced  along  certain  technical 
lines  by  the  work  of  the  Association  of  the  Official  Agricultural 
Chemists,  begun  in  1884,  and  by  co-operative  work  on  the  analysis  of 
iron  and  steel,  published  in  the  transactions  of  the  Institute  of  Mining 
Engineers. 

In  physiological  chemistry,  Chittenden  continued  with  Ely  and  others 
the  important  work  begun  in  the  preceding  decade,  and  published 
valuable  papers  on  the  digestive  litjuids  and  the  products  of  their  action 
ou  the  proteids.  Insauitarycbenustrytbeworkbegnnbythe lamented 
Nichols  in  the  seventies  was  carrietl  further  in  this  decade  by  Mallet 
in  the  paper  on  the  determination  of  organic  matter  in  imtable  water, 
already  referred  to,  and  the  valuable  papers  by  Leeds  on  iK>table  water 
supplies,  in  reports  of  the  New  Jersey  Stat«  Board  of  Health  and  the 
Journal  of  this  society.  A  large  amonnt  of  work  on  the  examination 
of  foods  and  drugs  was  done  nnder  the  supervision  of  the  boards  of 
health  of  a  very  few  States,  notably  Massachusetts  and  New  York,  and 
of  certain  cities. 

In  agricultural  chemistry,  nnder  the  generous  provision  mode  by  the 
U.  8.  Government  by  an  act  passed  in  18SC,  giving  $15,000  annually 
to  every  State  in  which  au  agricultural  college  was  established  nnder 
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them  more  or  leaa  specially  edocated  as  chemists,  there  is  abnndfint 
provision.  Every  one  of  these  aniversities,  coUegeii,  »nd  advaueed 
technical  schools  has  a  doable  mission  to  pert'onii,  if  It  does  the  whole 
work  that  is  expected  elsewhere  in  the  world,  of  institntions  giving 
higher  instruction.  One  of  tbese  missions  is  to  teach — to  impart 
knowledge  that  is  already  a  part  of  the  world^s  poasession  of  know- 
ledge, to  the  students  who  are  seeking  it,  now  in  larger  numbers  than 
ever  before.  The  other  mission  is  to  gain  new  kuowledge— to  ndd  to 
the  world's  stock  of  it.  Here  and  there  is  seen  a  man  of  wealth,  and 
scientiBc  tastes  and  acquirements,  and  an  aptitude  for  research,  who 
investigates  in  his  own  private  laboratory,  and  does  good  work  there; 
but  such  a  combination  is  rare.  These  higher  iustitutions  of  learning 
are  to  be  in  the  future,  as  they  have  been  in  the  past,  the  fittest  places, 
and  indeed  almost  the  only  places,  for  the makingof  both  investigators 
and  investigations. 

Why  is  it,  with  so  many  of  these  institutions  as  we  have,  making 
claim  to  this  high  rank  in  onr  system  of  instruction,  that  we  fall  so  far 
short  of  contributing  onr  full  share  of  the  world's  acquisition  of  new 
knowledge,  year  by  yeart  The  Drst  and  perhaps  most  important  rea- 
son is  that  those  upon  whom  this  work  devolves,  and  who  would  be 
glad  to  do  it,  have  no  time  for  it.  Their  work  of  instruction,  otten 
(-omprisiug  many  branches  of  science,  uses  up  alt  their  energy.  This 
unfortunate  condition  of  affairs  is  chargeable,  to  a  large  extent,  to  the 
multiplicity  of  colleges  with  endowments  inadequate  for  the  iterform- 
ance  of  the  whole  work  of  a  college.  It  may  be  fairly  said  that  im 
institution  of  learning  is  fully  worthy  of  being  called  a  university,  or 
a  college  of  high  rank,  that  does  not  provide  teachers  enough,  so  that 
each  one  has  spare  time  for  investigation.  There  is  room  for  improve- 
ment, in  this  respect,  even  in  some  of  our  largest  universities.  It  is 
not  always  practicable  for  an  outsider,  such  as  the  average  trustee  is, ' 
to  get  Ko  thorough  an  acquaintance  with  the  inner  workings  of  the 
several  departments,  as  to  understauil  how  most  of  a  teacher's  time 
may  be  consumed  in  the  management  of  the  petty  details  of  a  labora- 
tory full  of  students,  provided  that  he  does  bis  duty  there. 

Secondly,  given  the  time  when  this  important  feature  of  college  and 
university  comes  to  be  properly  appreciated,  will  there  be  means  for  the 
worki  Therecan  belittledoubt  that  they  willthenbe  provided;  if  not 
in  any  other  way,  when  itapt>cars  that  there  are  menready  and  competent 
to  carry  on  valuable  investigations,  but  who  can  not  fur  wantof  means  and 
appliances,  new  funds  for  the  promotion  of  such  work  may  perhaps  be 
added  to  those  already  in  existence,  such  funds  as  the  Elizabeth 
Thompson  science  Amd,  now  amounting  to  J27,000,the  Bache  reseaix-U 
fund,  and  the  Wolcott  Gibbs  fund  for  chemical  research. 

Given  time  and  means,  have  we  the  men  in  this  country  for  credita- 
ble scientific  researclil  I  think  that  such  an  answer  to  this  question 
as  is  indicated  by  the  records  of  the  chemical  research  in  the  decade 
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fh>in  1880  to  1890  is  most  encoaraging.  Great  iiiTestigators  like  great 
poets,  like  men  great  in  anytliing,  are  bom  not  made;  boru,  may  we 
not  traly  say,  out  of  tlie  spirit  of  the  country  and  tli»  j»eriod  in  wLlvli 
'their  great  works  are  done.  But  when  born  they  must  be  nortured, 
and  the  place  for  their  nnrtnre  Ib  the  oniversity.  In  this  sense  the 
university  must  make  the  investigator  as  well  as  the  investigation.  la 
the  land  where  the  spirit  of  investigation  is  rife  there  will  be  the  most 
material  out  of  which  t6  make  investigators j  and  there  too  will  men  and 
women  destined  to  be  such  be  most  sure  to  drift  into  the  line  of  life 
work  for  which  they  are  best  adapted  and  receive  the  best  training 
for  it. 

It  seems  to  me  that  the  relations  of  our  society  to  this  matter  of  the 
furtherance  of  chemical  investigation  in  this  country  are  of  vital  impor- 
tance; that  if  it  does  not  appear  in  its  stated  meetings  or  the  meetings 
of  its  sections  scattered  throughout  the  country  that  it  is  alive  with  the 
spirit  of  research,  it  will  fail  to  establish  its  reason  for  being;  and  mem- 
bership of  it  will  be  of  little  advantage  to  anybody,  and  that  the  society 
itself  will  be  of  little  service  to  the  country. 
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THE   HIGHEST    METBOROIiOGICAL    STATION    IN    THE 
WOELD.» 


By  A.  Lawbence  Rotch. 


By  tbe  will  of  Mr.  Uriah  A.  Boyden,  a  con»id«rablesniiiof  money  was 
left  in  1887  to  Harv;vrd  College  Observatory  to  aid  in  the  establishnient 
of  an  observatory  "  at  such  an  elevation  as  to  be  tree,  so  far  as  practi- 
cable, from  the  impediments  to  accurate  observatiou  which  occur  in  the 
obaervatJ)rie9  now  existing,  owing  to  atmosplieric  influences."  Pre- 
liminary stations  were  accordingly  established  in  Coloraclo  and  in  Cali- 
fornia, provided  with  meteorological  and  astronomical  instruments  to 
test  the  meteorological  as  afieeting  the  visual  con<litions.  From  these 
observatious  it  was  concluded  that  the  selection  of  a  proper  site  waa 
by  no  means  a  question  of  elevation  alone,  and  it  was  thou(tht  desira- 
ble, ft-om  theoretical  considerations,  to  secure  a  location  within  the 
tropics. 

An  expedition  was  accordingly  sent  to  South  America,  where  a  sta- 
tion on  Mount  Harvard,  near  Lima,  Pern,  at  an  elevation  of  0,600  feet, 
Wiis  occupied  for  a  year,  and  other  sites  further  south  were  examined 
by  the  Messrs.  Bailey.  Owing  to  the  remarkable  clearness  and  steadi- 
ness of  the  air  at  Arequipa,  Peru,  it  waa  finally  decided  to  locate  a 
permanent  station  there,  and,  under  the  direction  of  Prof.  W.  H.  Pick- 
ering, land  was  purchased  outside  this  city  and  the  observatory  build- 
iugs  were  erected  in  1891.  The  city  of  Arequipa  is  situated  above  a 
desert  about  80  miles  fW>ni  the  Pacific  Ocean,  iu  a  little  oasis  formed 
by  a  river  valley  at  the  foot  of  the  Cordillera.  The  observatory  is 
built  upon  the  crest  of  a  hill  overlooking  this  valley,  about  400  feet 
above  the  city  and  8,050  feet  above  the  sea.  It  stands  approximately 
in  lO'^  22'  S.  latitude  and  in  71°  22'  W.  longitude.  Eastward  the. 
extinct  volcano  of  Plchn-Pichu  rises  to  a  height  of  18,600  feet;  north- 
east, and  10  miles  distant,  is  the  quiescent  volcano  of  the  Misti,  10,200 
feet  in. altitude,  and  12  miles  north  rises  Oharchaui,  30,000  feet  high, 
which  is  always  snowcapped. 

The  meteorological  station,  forming  the  subject  of  the  article,  is  situ- 
ated on   the  latter  niountaiu  just  below   the  )>ennanent  snow  line. 


* FroQ)  jBMrtoan  ittUorologieai  Jomtal,  Oelober,  1S93,  vol.  x,  pp.  283-2S7. 
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S-ccr-v^kjiS  ''f  »cU  At<«>ni  -VU*f  1««1  b*^>w  tht  ^svaiicit  Ba  cir|f.  farming 
a  piM«9a  loA  tluB  half  a  uilif  «*,ajj*.  vrkirh  itm|K  svrvral  handrad 
feM  tu  A  [«>▼:{'<<«■  oc  [b«'  aoarb.  Nrar  tbe  bn&k.  at  aa  dpration  at 
I'^'i^*  frrt  a^»v«  thr  Mia.  t«  tr.«  ajrt«>tn>>>;;>^  ^faDoa.  IW  instni< 
r..-^:.-^  ar«tft«:^acd  :t.  a  >3.aII  Vmrrvit  ^^:«r.  ^  tacW»  ii^aaiv.  placed 
••e  a  twrl.  a:.«1  t*ti.\-r.s*  lint  -itxi'tTrd'  ;i:.il  ■■timmw  aad  waiKiun 
:lrr5;>^csrt*r»  '4  ifc«  l".  &  Si^'Lal  ^*n-i«  |unvn.  a  wtf-mwdiBj;  am^ 
r  a!  lon^owter.  ar.d  Oo  #«tv-rv<coni:::  £  tb«^>mie«cri^  all  «t  the  v^- 
k»>v2  i:i:ianl_'Wir-*"rvc-irnienoii.  Ttt-  mrwol  crliatim  rrrolr*  in 
rAtSfrf  ^  <c  i^n  «««v-D  <L*5:$.  but  iks  i&^  <->>rfc  c»vmMBt«  apMate  dor- 
izz  kcs  or  !«^Ii>  >Lt\-s.  Rr*Tii<f*T  (tip  kc^tti  iWaseeaa  beotttaiiwd, 
*i  :•-«.  ^-  tLr  e-i'.-.-A^n  ii<>  it><<   tora  in  aa  i^iva  nssbo'  of  dar^^  t!  e 

arr  ^<  ^c;vT^><*d  c>>a  it>ri«  ^>f  tfc<^  £r^  T«irt.  Nrar  theshcttcr  has 
i«ih:.  <rTw:r<i  j  -Cm-*-  fes;.  sLtTV  th<F  i<ifr->*«r  who  aiiintBd^  ihr  i 
»  <'ir«-  Sac  X-r  :Estra=irt;:s  «ui  Si«f-d  tfc*  ciii  if  i 
*.*oft.:  •?■*,<■'■*•'  r«tfi»^  ;b*  t-b-iWfTaii'rT  IMS  1*  s:^<f  by  Balriaaboat 
r'd^-  zmr^:  acl  ti^'C^b.  i:  :*  i-iec-'irf  t.»  fcjv*  .»•;*■  «f  the  as^tants 
v>.:  ZZ.T  s jO  s  •■*»  2  Svir  werks,  ve-^-i:  a-<*-rTs  harr  not  bcra  prac- 
->^*":  V:  e»'r**..^rr.:;T,  tisri^z  :h*  T«»r  ;b*  Ka:;  .x:  ii»  b««ro  cqupiKd. 
.[cTt  j«<^'t«  >-i  x^-r.  ■^'-.Tbs'rwi.Ws  *>x;<J  tjT*  Iwra  •obtained,  sod 
■l:  i  ?yj«iL n  ■<>  ^-ixtst^  of  iL*  s^If  r*t-»'r>i;r^  ::.s;rT:-.:jr:.W  haT«  hrtber 
rft:":.ifJ  lb*  .;iti;:irT  »<  otpVur  n^w-r*:?  to  «^'-t.  Th*  aatcMuttie 
!;•*?•*  Oif  it3r»«*j'hTr>-  i-rr-^scr*  *=»!  air  :^=.-p«rf^:l::>^  an?  ct>ctnilled  by  s 
i-rrrriT-j;  Vtm-T>-:*r*-arrt«l  ;:p  bv  tb*  i^'Ss^-trt-  ar«i  *•»-  nadin^  of  the 
-ri7<y*ii~a:r!  x'-t  h:ax-=:i=s  a:  d   =>;:.-.:uc::;    :l-efV!-><BiHi:rs.  the  two 

Ti-*  :*<  Trit  ■!>.■*■  d:!^:arAT  :d  Ar.  air  I::-*  fS'Si  :h^ stj:;,.a  to  ifaeotncrra- 
r-cT  »  *"■»*::  11  =:.;>t^,  »-_<i  s-jvh  K  ;'"*  irsr^TvirrtStT  «"  (fc*  air  that  on 
a  l-iTTf  »:  •*■-.:<£.  *b::=:  bis  ;-r*T.  v■^-*^!  o=  :V  <ri;A  of  th«  plateau,  a 
;:»-t  *:•<- 1  :-«.j  :=  <i:jir.r:rt,  <*::  N- $<N'a  w::i  ti^  I-Vt^^^b  trieseope 

Fi-  =fr^*xT».:  -^  Jt:  <>--,v,vr.-.«>E:  of  ::.if  o:.si*r\  jiTory  i<  .-.Tiite  oMoplete; 
a=-!  Sr^'i^^  :i:*  0:1=::  jtt  :-.  jiTr-.::-*^-:>  ;Vt  li.ryvt  o><-i«frra::*»as  there  are 
:i*  srlf  rfwc':;:  r  b*:^=*:er  at  ^i  ;'.  *tv  v-  *:«.  ,^  Karbard  firrm.  an 
a'-w  -.^jtb  "f  "r  :>•;- j!  S«'r\Nr  ;>iv,ard  5»S':o;:Tai>hx' san  shine 
i*T--c*i-rs.-f  tL*  >  rr.  <if\'npd  !•>-  i'T*>f,  IVs.r-.rj:,  l^.:y^-tt>tkserratious 
;i..-^r>'  -:  .r*  a  ■i^y.  a;  <  \.  x- ::; ^: .!  ^^  r.  m^ » ■: J,  :Ty>-i*-;  r.:^t  oteerva- 
;...->  a:  ±  A.  S-  h.AT<>  i^rn  r  J.V  »:ur-.:  <  i».>  v^jt-^  *  n;  hjve  not  bwo 
T*-* --«d.    Tie  r>r-tr.::>  ot'  :^f*  oV^^rva:-.  —  s  *:  K^:i;  «A::or^w:;i  be  pal»- 

r-'-d  iitrt-  "    i:*  .*»»*:«  '■' H^ -i  (       :.»  ••nr—'tf.  nr,  and  their 

Ci-'-'^x=  »i::  TO  ,:  -.lb:  a  ..i  s:Tii\i::>  ;.•  o.;r  Ir-'wW.^  of  amantain 
-*t*ir->z?"-  Aryt^^f  rore  jhjri  a  Vruf  ^:;-,--.*ry  of  s«w»e  of  the 
=**»t  ■'.iLr-  T  5ftiT  -.T*s  «»■:-.:.;, :  ■,-rY-.  TV,  S  .v;:  ot"  -.'i.T  h^T*.     Fiwm  data 
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air  temperature  at  Areqaijia  are  very  auifortn  tlirout;hout  tbe  year. 
The  highest  barometer  leadiog  was  22*070  inches  on  August  17,  and 
the  lowest,  23*472,  on  January  10.  The  inaximiim  tUennoineter  read- 
ing, which  was  exceptionally  high,  was  79°  on  June  3,  and  the  lowest, 
38*5°,  occurred  eight  days  afterwards.  Althoaeli  the  teini>eratui-e 
never  descended  to  freezing,  yet  there  are  occasional  frosts,  and  in  the 
viear  season  the  intense  radiation  causes  thin  ice  to  form.  The  clear 
season  begins  about  the  Ist  of  April  and  continues  with  scarcely  an 
interruption  until  tbe  Ut  of  November.  During  JanuHry  and  Febru- 
ary, 1802,  most  of  the  rain  fell,  amounting  to  2  or  3  inches.  In  Febru- 
ary, 1893,  4  inches  fell  in  a  single  storm,  but  this  appeared  unprece- 
dented and  did  great  damage.  The  mornings  are  generally  bright 
tlii-oughont  the  year,  most  of  the  rain  falling  in  the  afternoon  or  even- 
ing. Excepting  during  the  rainy  season,  tbe  air  is  exceedingly  dry, 
relative  humidities  of  35  per  cent  having  been  recorded  in  March,  1893. 
The  wind,  as  at  low  elevations,  reaches  its  liigbest  velocity  in  the  mid- 
dle of  the  day,  and  it  is  generally  calm  at  night.  For  tbe  year  above 
quoted,  the  highest  velocity,  17  miles  per  hour,  ocenrretl  in  December, 
lioon  after  sunrise  a  strong  wind  blows  down  from  the  mountains  to 
the  northeast,  after  which  tbe  wind  shifts,  decreases  in  velocity,  and 
resumes  its  normal  course. 

Tbe  diurnal  periods  of  the  atmospheric  pressure  and  the  air  temper- 
ature are  interesting  on  account  of  tbe  small  amplitude  of  both,  and 
tbe  phases  of  the  former.  Taking  the  barograph  records  for  December 
at  Molleudo  at  sea  level,  at  Arequipa  (S,U50  feet),  and  at  the  camp  on 
Charchani  (16,650  feet),  the  respective  diurnal  amplitudes  are  0*1  inch, 
0-07  inch,  and  0*03  inch.  Whereas,  at  the  sea-level  station,  the  chief 
minimum  and  maximum  occur  about  5  p.  m.  and  11  P.  m.,  resi>ectively, 
with  secondaries  at  4  A.  H.  and  0  A.  M.;  at  Arequipa,  the  chief  mini- 
mum occurs  about  5  A.  h.,  and  the  secondary  minimum  about  4  p.  m< 
The  night  maximum,  wbicli  is  also  the  chief  one,  occurs  at  about  the 
same  hour  at  both  stations;  but  at  Arequipa  the  secondary  day  maxi- 
mum is  advanced  to  ubout  1  r.  m. 

Not  enough  records  nt  tbe  (.'harchani  station  have  been  redncetl  to 
determine  definitely  the  pressure  period,  but  there  appears  to  be  a 
double  daily  maximum  and  minimum,  whose  times  correspond  in  gen- 
eral to  those  at  Arequipa.  The  noon  and  night  maxima  have  nearly 
equal  intensities,  but  the  morning  minimum  is  deeper  than  the  afternoon 
one  as  at  Arequipa.  Those  facts  are  the  more  interesting  because  some 
preliminary  observations  by  M.  Vallot,  on  the  summit  of  Mont  Itlaiic 
(altitude  1.5,780  feet),  showed  but  a  single  maximum  at  about  1  p.  H., 
and  a  single  minimum  about  4  A.  m.,  with  only  a  tendency  toward  a 
secondary  mniimum  late  in  the  afternoon.  At  Obaniounix,  in  tbe  val- 
ley, the  diurnal  period  is  nearly  the  same  as  at  Arequipa,  so  that  the 
form  of  tbe  curve  at  the  Obarcbani  station  may  be  partly  due  to  the 
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sitmCkMi  of  ibe  uu^traiueiit  in  a  ilepnasioa  «■  tbr  iaok  of  the  Boan- 
uui.cb«c»{M>'.n^br  of  a3Uti»a  bnD;kB»«D  to  nitftatg  thnte  perioda. 
A^  lia»  tx^Q  »Ut<Hl.  ih«  perniAovnt  »(h>«  Kn^-  »  abovr  the  canp  on 
CharrhiuiL,  bat  Is-4  3l:uvb.  al  tb«  ckixe  of  th«^  warm  aad  vet  season, 
tbm>  were  S  fe*^  trf  *u»>w  oi»  Uw  platmo.  Sbov  rt>vi?tvd  the  gTvand 
riAim  b>  ILTOe  fwC  vhlte  h-«  lucseil  :kt  u:;;bt  xs  h>v  ■•  ll.;iOOft>et. 
•  hi  tiM  Di;:hl  of  Mareb  9.  ih«  letniierarare  of  ii>«  air.  in  th«  shelter  at 
(be  CIurrhaiDi  eaaip.  fell  lo  ^>-i'.  wbi>  over  Ih^e  snow.  tatUatiaD  lov- 
ere*!  it  to  14^.  Tb*  trti:penitar«s  do  not  se^fin  to  V  ^reatlr  inteeBced 
\>y  tbe  acaiMMV*.  an<I  Clie  nn^e  frooi  Janiunr  lo  Slarch.  1:^1.  was  Erom 
13^  to  W-  F.  Th«  dr«r«i*e  of  t.*mper-.iture  in  ibe  *-«tO  feet  of  air 
be{wt>eB  the  camp  anl  <>b->rv»o>rT.  js  d^linred  froiu  neariy  snolta- 
iM>!o>i>  obnetTalioo*  at  "^  p.  x.  and  $  A.x.00  )larr-fa  SaiMl  10.  ISSO.  was  1 
tlsffree  focis^  feft  in  th*f  niwiiitig  and  1  d.-inre  few  :ttK>leetiD  tbe  even- 
ins:.  «bii-b  nznrtrs  w:;b  »in<:!ar  t4>$en'ui;<>i.^  Pivthki-It  Bade  in  tbe 
cti-{-['-!*i.  T^e  r»^U:iTf  hrimn'.:ty  was  tomi-'ett-Iy  inrerted  at  tbese  TJTrt, 
ih«»  ^vi-niLi  .>b-erT4ri.'DS  su-'Wtp:;  M  prr  w-ct  on  th*  KoantaiB  and  56 
jp«r  e*nl  at  :Le  oi-serrarorr.  wbi]e  tlw  aK>ri!:r^  ohserratton  inre  36per 
cent  .»  the  i£<><i3:AiQ  .icd  ;1»1  prt  rvnt  M  ;h*>  i-ifcirtTatorT.  tbe  changes 
from  tbear'.f  r>7a.p(<>'te  satarj:i<-a  to  ?r«-ai  drrD*-**  bein^  veiy  ssdden  at 

The  pLy*;.>t(«i«al  eff*i-ts  of  an  a-i*-ei't  to  the  eanip  on  Charrhatu, 
■brt«  theatni«niL*rii- pres,-in:e  i>  rolut-^  to  a!>oat  16-3a  inHies.  are 
T.-t7  attrfci:*!.  Tbi<sreni^  to  bf  aixxu  ihr  '.:s:t  to  «bivh  males  ran  be 
drivi»r..  and  sel-i'-m  in  ocbrr  p'ict*  bave  ih--T  be»-n  taken  so  high.  Few 
pi'r^>Q*  .*>«-ar*  cL*?  «ori>.*(r  oc  n:ot:rta:n  sivk::f?s»  in  some  of  its foms, 
ejiT-M-uriy  if  tL«-y  st>-p  at  c;^!.t.  Tt.*-  <'rft-*t  cTwn  the  "riter  daring  his 
t^ s'.-.'.nto  b'-nr**  *.';'-cm  aiiy  br  iritrreslin;;.  Tb«*c^h  onlinaritr  sick  at 
if«er  ai:.:F:dtt;^  ciirre  "as  l.ere  no  iiauwaor-ievi^ry  t«»dathe.  theoaul 
*y-.rro-,m*  ot'  c  oni.tj:n  vci>"?s.  whivh  may  i^rl-.tttf  he  anriltnted  to 
Xh^  a-*<!er.:  by  b.-^>.  w::L.  at  a  astuTar  estrt^-n,  wl^ry-as  previoos  high 
a-*«^r.t.*  t.id  itr:.»'riry  I  irt^n  oa  lc>  t,  iVfcrr  sya-'.-tin'*  however  ■ani- 
frstrd  thrKi-^ivrsir  a'T'^ra-ai  <?,\i-;:it!'\iTy  a:  ^\  Tr^iW>ifSv<svh.it:k  aade 
^»jeep  ra.f  ■*«-;''■:-.  a;d  by  a  ia|v-*  of  nvnory  a*  w*:;  as  in  a  want  of 
se«,a-i':r  of  i-i***.  T-^  a;  ;v:;:e  rvna:;*^!  Ct>>!.  Jr.!  :h<- writer's  phys- 
ir;»l  r.-t.i;-:.n  B  j.!r  Tt  J  r.  ;  .il  >  il  ;tt  h*'  o  u'd  law  c!'Dit'«d  hlfiier 
After  a  r*st  of  two  h..:ri  at  tl;e  h;:t.  tht  pr.rsa::*  :s  of  ;tf  heart  w«««. 
Hi  aid  the  n-irr-i::oa  tbroi:,ih  t!.^  hiv;,*  :;,'>  i>'r  n-iiute.  These 
ii«Tea«d  £-:•'■£  tbec v-i  to  s-^  a- d -J:.',  rvs-iy,  ;;%,:v,  atd  the  tevper- 
acire  of  tt*^  IN  id  EiTU-r.rtil  r.;-.Ur  tbe  ara:  irvsi  i*>»'«;-  lo  97-5ff^, 
theE.>nc3!-at  Arv'.-iaat  u;:ht  K::- <*>,:.'l.  a*.d^»:irt--.  ty<i>*etiTely. 
.\D  the  n't*-  "     '  'Ura  wiu'i!  J>e  n.i:^  h  B;,.re  i  a>ja',>;e  if  obtained 

intbefreeaii  t::t  of  fbant  a:-,    Tb*  e*:ab:  shment  of 

a  statino  3.*'  '•fv^r.  is  a  \>rv  ,;:*c::-:  Ka^Vnaking.  as 

two  ansne^-^  *"  '^'^  "  nM.Sc  bj  ;\ari:,-;  fr,>oi  the  obsecT- 

ttorj  Vo  tbml  >w-t-overvd  slvj*,    A  tlitnuometer  shol' 
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ter,  inteoded  for  the  summit  station,  was  carried  some  distauco  up  od 
one  of  those  occasioas.  If  a  suitable  Bite  could  be  selectetl  on  the  sum- 
mit of  Charchaui,  and  self-recording  instruments  iilaced  there,  it  seems 
feasible  to  engage  an  intelligent  native  to  ascend  the  monntain  once  a 
month,  or  oftener,  to  keep  the  instruments  in  oiienttion,  since  it  is 
known  that  some  natives  are  less  incapacitated  by  great  altitudes  than 
are  foreigners.  It  is  possible  that  this  plan  may  becarried  out  by  the 
Harvard  Observatory,  ur,  if  it  is  found  impracticable,  a  lower  and  more 
accessible  peak  to  the  west  of  Charchani  may  be  thus  utilized. 

The  comparatively  elevated  temperature  and  small  snow-fall  on  the 
high  mountains  of  Peru  offer  opportunities  for  the  establishment  of 
loftier  meteorological  stations  than  are  afforded  by  any  other  country, 
and  the  establishmeot  of  such  a  summit  station  by  the  Barvai-d  Observ- 
atory would  be  the  crowning  of  its  remarkable  series  of  stations, 
extending  from  Mollendo,  on  the  Pacific  coast,  alongthe  railroad  which 
crosses  the  desert  of  La  .loya  (4,140  feet),  reaches  the  divide  at  Viu- 
cocaya  (14,360  feet),  and  descends  the  watershed  to  Pnno  on  Lake  Titi- 
caca  (12,540 feet).  Auother  series,  dit!'eriiig  little  iu  borizoutnl  distance, 
but  relatively  greatly  separated  vertically,  for  which  the  observatory 
at  Arequipa  and  the  camp  on  Charchani  already  furnish  steps,  would 
make  it  possible  to  obtain  data  of  the  greatest  value  for  the  progress 
of  meteorology,  which  is  looking  more  and  more  to  the  study  of  the 
opper  air  for  its  advance;  and  for  this  study  the  mountain  summits 
furnish  the  only  practical  method  of  obtaining  continuous  records 
approximating  the  conditions  prevailing  in  the  tVee  uir. 
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THE  MONT  BLANC  OBSEKVATOEY.* 


The  project  of  establidhiug  a  meteorological  and  astronomical  observa- 
tory OQ  the  summit  of  Mont  Blanc  has,  under  tlie  care  of  M.  J.  Janseen, 
of  the  Meadon  Observatory,  made  considerable  progress  diiring  this 
year's  summer  months.     It  has  been  decided  to  use  the  snow  itself  as  a 
foundation  oo  which  to  rest  the  building.    That  this  can  be  done  with 
security  was  shown  by  some  experiment's  carried  out  at  Meudou  last 
winter.    A  miniature  mountain  was  made  of  snow  pressed  to  the  same 
density  as  that  wliich  is  found  on  Moat  Blanc  at  a  depth  of  1  or  2 
meters  below  the  surface.    This  being  made  level  at  the  top,  disks  of 
lead,  35  centimeters  in  diameter  and  weighing  each  about  SO^ilograms, 
were  placed  on  the  snow,  one 
upon  the  other.     After  twelve 
of  thesebad  been  piled  up,with 
an  aggregate  weight   of  360 
kilograms,  they  were  removed 
and  the  depth  of  the  impres- 
sion measured.      It  was  not 
more  than  7  or  8  millimeters. 
Thus  a  structure  measortng  10 
byS  meters  might  safely  weigh 
ld7,000      kilograms     without 
sinking  into  the  huuw  more 
than  a  few  centimeters. 

The  summit  of  Nfout  Blanc 
is  formed  by  a  very  narrow 
edge  of  rock  100  meters  long, 
ruuniug  from  west  to  east,  and 
covered  by  snow  which  is 
thicker  on  the  French  than  on 
the  Italian  side.  The  level  of 
this  snow  has  not  shown  any 

importaot  oscillations  through-  """'  *'"'  "'^"'»""')'' 

out  a  number  of  years.  Tu  obviate  the  disturbing  effects  of  the  storms 
which  frequently  nvgearoiiiid  the  summit,  tlic  building  is  constructe^liu 
the  shapeof a  truncated  jiyratniil,  the  lower  floor  being  sunk  into  theanow. 

|i.  sot :  rrom  Camptrn  ReHdut,  November  38, 
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The  rectangalar  base  measures  10  by  5  Dieters.  The  upper  floor,  which 
will  be  devoted  to  the  obaervattona,  is  covered  with  a  dat  roof,  toward 
which  asceot  is  made  by  a  spiral  ataircase  leadiog  from  the  basement 
upwards  through  tlie  whole  building,  and  above  the  flat  roof  to  a  small 
platform  destined  for  meteorological  observations. 

The  whole  observatory  has  double  walls  to  protect  the  observers 
against  the  cold.  The  windows  and  doors  are  also  double,  and  pro- 
vided on  the  outside  with  shutters  closing  hermetically.  The  floor  is 
made  of  double  plankn,  and  furnished  with  trap  doors  giving  access  to 
the  snow  supportiog  the  observatory,  and  to  the  screw  Jacks  placed 
in  position  for  adjusting  the  level  of  the  building  in  case  the  snow 
should  yield.  The  building  will  be  provided  with  heating  apparatus 
and  all  the  furniture  necessary  to  make  habitation  at  such  an  altitude 


Up  to  the  present  the  observatory  has  been  transported  in  parts  to 
Chamonniic.  Ou  the  Orands  Mulcts  a  cottage  has  been  erected  for  the 
use  of  the  workmen  and  for  storing  the  things  destined  for  the  observ- 
atory. 

On  the  Grand  Rocher  Kouge  another  cottage  has  been  built,  only 
300  meters  below  the  summit,  in  which  the  workers  and  observers 
con,  if  necessary,  take  refuge.  Three-quarters  of  the  materials  for 
the  observatory  have  been  transported  to  the  Grands-Mulets  (3,000 
meters)  aud  the  rest  to  the  Bocher  liogue  (4,500  meters). 

Kest  year  the  erection  on  the  summit  will  be  carried  out.  An 
astronomical  dome,  which  is  to  complete  the  observatory,  will  also  he 
taken  in  band.  The  work  done  up  to  now  has  been  carried  out  under 
great  difficulties,  owing  to  the  fact  that  everything  had  to  be  carried  by 
band.    But  no  accident  has,  so  far,  marred  the  success. 

Dr.  Capus,  who  accompanied  M.  Bonvalot  in  his  ire II  known  expedi- 
tion to  the  Pamir,  has  promised  his  assistance  for  certain  observations. 
But  the  observatory  will  be  international  and  oi>en  to  all  observers 
who  wish  to  work  there. 


THK  OBSERVATORY  ON  MOUNT  BLANC* 

As  briefly  aiiuonnced  in  onr  notes  last  week.  Dr.  Jaussen  has  recently 
visited  the  observatory  on  Mount  Blanc.  In  thu  current  Comptes  Hen 
dva  he  gives  an  account  of  the  expedition  from  a  scientific  iwint  of 
view,  and  the  following  is  a  translation  of  his  description ; 

WeleftChamonix  on  September  8,  at  7  a.m.,  and  arrived  at  the  sum- 
mit on  September  11,  at  2:30  P.  M.  The  observatory  was  then  in  front 
of  us.  This  construction  baa  several  floors,  of  which  the  framework, 
ffjrmed  by  large  and  maxstve  beams  crossed  in  all  directions  in  order  to 
insure  the  rigidity  of  the  whole,  produces  a  dee|>  impiession  upon  the 
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One  wonders  liow  it  Iiaa  beeu  possible  to  transport  the  edifice 
to  this  altitude  and  fix  it  on  tbe  snow.  However,  if  the  conditions 
offered  by  the  hard,  permanent,  and  little  mobile  snows  ot  the  sammit 
are  careftiUy  considered,  it  is  soon  recognized  that  the  snows  are  able 
to  support  very  considerable  weights,*  and  that  they  will  be  only  slightly 
amenable  to  displacements,  wbich  will  render  it  necessary  to  straighten 
again  the  construction  which  has  beeu  fixed  upon  them. 

On  my  arrival  I  made  a  rapid  survey,  and  saw  that  the  construction 
had  not  been  sunk  in  the  snow  as  much  as  1  hitd  stipulated  of  the  con- 
tractors. I  do  not  approve  of  this.  My  guides  and  myself  then  took 
possession  of  the  largest  underground  room.  I  intended  at  flrat  to  fix 
the  inslrnineuts  for  enabling  observations  to  be  commenced  immedi- 
ately, and  the  provisions  were  left  on  the  Bocher- Rouge.  This  circum- 
stance put  us  in  a  state  of  perplexity,  for  the  weather  suddenly  became 
very  bad,  and  we  had  to  remain  two  days  separated  ftt>m  the  stores. 
The  storm  lasted  from  Tuesday  until  Thursday  morning.  Beautiful 
weather  then  set  in,  and  I  was  able  to  begin  the  observations. 

The  observations  have  for  their  principal  object  the  question  of  the 
presence  of  oxygen  in  the  solar  atmosphere.  The  academy  knows  that 
I  worked  at  this  imiwrtant  point  during  my  ascensions  to  the  Grands- 
Mulets  (3,050  meters)  in  18S8,  and  at  M.  Yallot's  observatory  in  1890. 

But  the  novelty  of  the-observatious  of  1893  lies  in  the  fact  that  they 
have  been  effected  on  the  very  summit  of  Mount  Blanc,  and  that  the 
instrument  employed  is  infinitely  superior  to  that  of  the  two  preceding 
ascensions.  At  the  first,  iu  fact,  a  Duboscq  spectroscope,  incapable  of 
separating  the  B  group  into  distinct  linet^,  was  employed,  white  the 
instrument  about  to  be  employed  at  the  summit  of  Mount  Blanc  ia  a 
grating  spectroscope  (the  dispersive  piece  of  which  I  owe  to  the  kind- 
ness of  Rowland),  with  telescopes  having  a  focal  length  of  0-76  and 
showing  all  the  details  of  the  B  group.  This  circumstance  is  of  consid- 
erable importance,  for  it  may  lead  to  the  discovery,  in  the  constitution 
of  the  group  in  question,  of  valuable  elements  for  measuring  in  some 
way  the  efi'ects  of  the  diminution  of  the  action  of  our  atmosphere  as 
one  ascends  into  it,and,  accordingly,  to  determine  whether  this  diminu- 
tion corres^mnds  to  total  extinction  at  its  limits.  In  fact,  we  shall 
learn  whether  or  no  the  double  lines  which  make  up  the  B  group  dimin- 
ish in  intensity  as  their  refrangibilities  diminish — that  is,  as  their  wave 
lengths  increase. 

This  circumstance  may  perhaps  be  employed  with  profit,  if  not  to 
measure  at  least  to  observe  the  diminution  of  the  action  of  the  selective 
iibsorption  of  our  atmosphere.  It  has  been  ascertained  that  the  most 
feeble  doubles  I'aile  away  one  after  the  other  as  the  atmosphere  is 
ascended— that  is  to  say,  as  the  absorbing  at^tton  is  diminished.  Thus, 
under  onlinary  circumstances,  at  the  surface  of  our  seas  or  uiton  oar 

■See  Comptet  Rndxt  tor aa  account  of  experiDieDtamii<le»t  Meuilou  on  tliereaiit- 
anceof  alightlf  comprssBed  SDOW.     (^nfc,  p.  259.)  (     ii.^nL- 
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plains,  thirteen  or  foarteen  doubles  can  be  seen,  not  reckoning  that 
Trhicb  IB  known  as  ttae  bead  of  B. 

Bat  even  at  Ghanionix— that  is,  at  an  altitude  of  1,050  meters — the 
thirteenth  doable  is  very  difBcnlt  to  make  out,and  at  the  Granda-Hulets 
(3,050  meters)  it  is  only  imssible  to  see  from  the  tenth  to  tbetwdflb, 
vbile  at  tbe  summit  of  Mount  Blanc  1  could  hardly  go  besrond  the 
ei  ghth. 

It  is  not  to  be  supposed  that  we  establish  a  proportionality  between 
the  nnmerical  diminution  of  tbe  doubles  and  that  of  the  atmospheric 
action.  The  law  is  evidently  of  a  much  more  complex  character.  Bat 
this  diminution,  especially  when  considered  in  connection  with  the 
experiments  made  with  tubes  fiill  of  oxygen,  and  able  te  reproduce  the 
series  of  atmospberit^  pbenomeua  to  which  we  have  referred,  is  suiBcieut 
for  us  to  conclude  that  the  B  group  would  totally  disappear  at  tbe  limits 
of  our  atmosphere.  It  is  remarkable,  however,  that  if  we  take  the 
coefBcient  0-566  that  represents  tbe  diminution  of  atmospheric  action 
at  the  summit  of  Mount  Btaue  according  to  barometric  pressures 
{  li~^l^  —  **'566  )  and  multiply  it  by  thirteen — tbe  number  that  repre- 
sents tbe  doubles  clearly  visible  on  the  plain — we  obtain  7-4  as  the 
result — that  is  to  say,  very  nearly  the  number  (8)  doubles  that  can  be 
seen  be  me  on  tbe  summit  of  Mount  Blanc. 

This  result  is  certainly  remarkable,  but  I  repeat  that,  in  my  opinion, 
it  is  only  by  the  comparition  with  tubes  reproducing  the  same  optical 
conditions  as  nearly  as  possible  that  any  definite  conclusions  will  be 
obtained.  These  comparative  experiments  have  already  been  com- 
menced in  the  laboratory  of  Meudou  Observatory,  and  tbey  lead  to  the 
same  result,  viz,  the  disappearance  of  the  groups  A,  B,  and  a  at  the 
limits  of  tbe  atmosphere.  On  account  of  the  importance  of  tbe  ques- 
tion, however,  the  experiments  will  be  repeated  and  completed. 

Tbe  question  arises  as  to  whether  the  high  temperatures  to  which 
solar  gases  and  vapors  are  siibjected  are  not  capable  of  modifying  the 
power  of  selective  absorption,  and  particularly  whether  the  absorption 
of  oxygen  which  takes  place  in  the  sun's  atmosphere  would  not  be  alto- 
gether difl'erent  from  that  indicated  by  the  experimeuts  which  have 
been  made  at  ordinary  temperatures. 

I  have  already  instituted  experiments  with  the  idea  of  replying  to 
this  objection.  I  shall  give  an  account  of  them  to  the  academy  in  due 
course,  but  I  may  say  that  tbe  absorption  spectrum  of  oxygeit,  either 
the  line  spectrum  or  the  unresolvable  bands,  do  not  appear  to  be  modi- 
fied in  an  appreciable  manner  when  the  oxygen  is  raised  to  tempera- 
tares  of  about  400  or  500  degrees. 

On  the  whole,  1  think  that  observations  made  on  tbe  summit  of 
Mount  Blanc  give  a  new  and  much  sounder  fonndatiou  to  the  .study  of 
the  qu""*"""  "*■  tbe  purely  telluric  origin  »_>f  the  oxygen  groups  in  tbe 
sola'^  id  lead  to  the  conclusions  previously  stated. 
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Independeiitif  of  these  observatious  ]  have  also  givaa  Eome  attention 
to  the  transparency  of  the  atmosphere  of  thin  almost  nniqae  station, 
and  to  the  atoiosphertv  phenonieiia  which  are  included  in  snch  an 
extensive  view,  and  across  such  a  great  thickness.  I  shall  speak  of 
tfai»  on  a  fotare  occasion. 

The  observatory  of  coarse  is  not  completed.  There  yet  remains 
^Mich  to  bedoneiodepeiHiently  of  interior  arrangements  and  the  instal- 
lation of  the  instruments;  but  the  great  difficulty  has  been  overcome, 
for  we  are  free  to  work,  and  no  longer  have  to  reckon  with  the  snow- 
storms; the  rest  will  follow  in  due  course. 

I  hope  that  the  obser\'atory  will  soon  be  able  to  oA'er  a  much  more 
comfortable  sojouru  than  I  have  had  there;  but  that  will  depend  upon 
the  weather.  Be  this  as  it  may,  1  regret  nothing.  I  strongly  wished 
to  see  onr  work  in  position,  and  still  more  fer%'ently  desired  to  inao- 
gnrate  it  by  ob8er\'ations  which  are  ever  in  my  mind.  I  am  fortunate 
at  having  been  able  to  realize  my  desires  in  spite  of  some  difficulties. 
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RELATIONS  OF  AIR  AND  WATER  TO  TEMPERATURE  AND 
LIFE.* 


By  Oardinbb  G.  Hubbabd, 

Pretident  of  the  tfalional  Geograpliic  Sociati). 


CIRCULATION    OF    AIR   AND    WATER. 

It  was  said  in  olden  timet),  "The  wind  bloweth  where  it  listeth,  and 
thou  hearest  the  sound  thereof,  but  canst  not  t«li  whence  it  cometb  and 
whither  it  goetb," 

That  which  wasanknown,  science  hath  revealed.  The  wind  in  its  cnr- 
renta  is  governed  and  directed  by  laws  as  fixed  as  those  of  the  solar 
system.  If  a  moisture-laden  wind  passes  over  the  country  it  leaves 
the  land  fruttfol ;  but  a  dry  wind  leaves  it  barren.  The  currents  of  air 
are  among  the  most  important  factors  in  the  physical  geography  of  our 
earth,  affecting  not  only  soil  and  climate  but  also  vegetal  and  animal  life. 

The  winds  obtain  their  moisture  through  evaporation,  which  goes  on 
everywhere  and  at  all  times;  in  the  equatorial  and  polar  oceans,  from 
the  rich  caltivated  soil  and  the  arid  desert,  from  the  valley  and  the 
snow-clad  mountain.  Iteclus  tells  us  that  the  evaporation  from  the 
equatorial  ocean  is  t^m  13  to  16  feet  a  year.  This  estimate  is  con- 
firmed by  the  U.  S.  Geological  Survey,  which  found  the  evaporation 
from  the  southern  Golomdo  Biver  to  be  102  inches,  or  nearly  9  feet  in 
a  year.  The  quantity  of  water  evaporated  from  the  land  must  be  very 
large,  as  only  about  two-filths  of  the  rainfall  is  returned  by  the  rivers 
to  the  ocean.  A  great  part,  probably  more  than  one-half  of  this  quan- 
tity, is  re-evaporated  to  fall  the  second  and  third  time  as  rain. 

The  movements  of  the  atmosphere  depend  either  directly  or  indi- 
rectly on  diflferenceB  of  temperature;  without  these  differences  the  air 
and  ocean  would  be  staguant.  Tliere  is  a  constant  interchange  of 
atmosphere  between  the  equator  and  the  poles.  Cool  air  from  the  north 
blows  toward  the  equator,  first  in  a  southwesterly,  then  in  a  westerly 
direction,  crossing  the  Atlantic  about  the  tropic  of  Cancer.  Cool  air 
from  the  south  blows  in  a  northwesterly  and  westerly  direction,  and 
crosses  the  Atlantic  near  the  equator.    The  dilference  of  solar  acces- 

■  AddreM  before  World's  Congress  nt  Cliicago,  July,  1893.  From  The  Xalional 
GtofrapkU  Magarliu,  Tol,  v,  pii.  112-124.  ,-^  , 
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sion  between  the  equator  ami  the  poles  gives  the  northward  and  soatb- 
watd  Diotiou  to  these  ciirretit»;  the  revolutioQ  of  the  earth  on  its  axis 
gives  the  westerly  motion. 

Tliese  air  currents  are  the  great  trade-wiuds  which  wafted  Colambus 
across  the  Atlautic  and  Magellan  across  tbu  Pacific.  The  trade-winds 
of  the  uortbetB  Atlantic  are  about  20°  ia  width  from  north  to  south; 
thoseof  thesouthern  AtlaDttcarenotquite  8o  wide.  Tbesewindsoscil- 
late  uorthwai-d  in  August  and  southwani  in  February,  following  the 
snn.  Between  the  trade-winds  of  the  north  and  the  trade-winds  of  the 
south  there  is  a  zone  of  calm. 

While  the  winds  blow  over  the  land  as  well  as  over  the  ocean,  their 
movements,  interrupted  by  bills  and  mountains  and  affected  by  tem- 
perature, lose  that  broad  8weei>  and  uniformity  so  characteristic  of  the 
ocean. 

Aetnru  currents  of  warm  air  blow  across  the  ocean  from  the  torrid 
zone  toward  the  northeast  in  the  northern  Atlantic,  and  toward  the 
southeast  in  the  southern  Atlantic.  The  trade-winds,  or  equatorial 
currents,  blow  aronnd  the  world  from  east  to  west;  the  polar  correnta 
blow  from  west  to  east. 

The  great  ocean  currents  follow  tlie  same  general  courses  as  the  wind 
system.  Tbeir  movementsare  initiated  by  ditf erences  in  density,  caused 
chiefly  by  temperature  and  by  eva])oration ;  yet  the  larger  part  of  the 
motive  power  is  derived  from  the  wind.  These  movements  have  been 
ascertained  by  years  of  observation  on  vessels  in  every  oi;ean,  sea,  and 
gulf,  by  the  cumulative  evidonceof  drifting  objects,  some  of  which  have 
had  their  influence  on  the  spread  of  vegetal  and  animal  life  and  even 
civilization  itself,  and  by  the  researches  of  scientific  exploring  expedi- 
tions to  polar  regions  and  remote  islands.  These  oceauic  movements 
are  as  well  understood  as  those  of  the  great  atmospheric  ocean  above  us. 

When  water  has  acquired  its  movement,  the  configuration  of  the  bot- 
tom of  the  ocean  and  of  the  shore  line,  the  rotation  of  the  globe  on  its 
axis,  and  the  direction  and  velocity  of  the  wind  modify  its  movement. 

SOUTH   A.MBKICA. 

By  this  circulation  the  equatorial  waters  of  the  Atlantic  blow  across 
that  ocean,  impinge  against  the  coast  of  Sonth  America,  and  ore  deflected 
northward  and  southward.  The  southeasterly  trade-winds  blowing 
over  it  become  surcharged  with  moisture  and  pass  directly  up  the  val- 
ley of  the  Amazon,  watering  the  earth  with  frequent  rains  for  2,000 
miles  to  the  foothills  of  the  Andes,  wliere  some  of  this  moisture  is 
deflected  by  the  mountains  southeastward  to  water  sonthern  Brazil; 
the  remainder  ascends  the  slopes  of  the  Andes  until  it  is  condensed 
and  falls  as  rain  and  snow,  and  only  dry  winds  blow  across  the  com- 
paratively iiarrowplains  between  the  Andes  and  the  Pacific.  Thevai»or 
fntni  the  Atlantic  falling  in  rain  over  the  valley  of  the  Amazon  and 
<ilong  the  eastern  slope  of  the  Andes  and  the  Cordilleras  flows  back 
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to  tbe  ocean  through  the  Orinoco,  the  Aiuazou,  aad  la  Plata,  aud  makes 
the  interior  of  South  Ainei'ica  one  of  tlie  richest  countries  of  the  world. 

The  Aiuazou,  a  great  mediteiranean  sea,  an  it  is  often  rightly  called, 
is  projected  into  the  heart  of  the  continent.  Its  total  fall  from  the 
foothills  of  the  Cordilleras  to  the  ocean  is  uot  over  300  or  400  feet, 
affording  for  the  largest  vesBels  auinternipted  navigation  and  inutiiner- 
able  harbors  for  1,500  miles  iuto  the  interior  and  1,000  miles  farther 
for  smaller  vessels.  The  aggregate  navigable  waters  of  the  main 
stream  and  its  tributaries  are  estimated  at  50,000  miles.  The  moist 
winds  abundantly  water  the  valley  aud  modify  its  climate.  Their  influ- 
ence iu  tempering  the  climate  is  felt  directly  more  tlian  1,000  miles  np 
the  valley,  and  indirectly  still  farther,  through  the  simdows  thrown  by 
the  clouds  and  tbrougli  the  rainfall  aud  the  cooling  ellect  of  the  drops 
of  rain  falling  from  a  high  altitude.  It  is  from  8'^  to  10<^  cooler  than 
on  either  side  of  this  rain  belt,  and  it  is  more  healthful  than  other 
equatorial  regions.  The  tropical  woods  are  so  thieli  and  the  creepers 
and  undergrowth  so  luxuriant  that  unitiial  life  is  almost  entirely  con- 
fined to  the  trees  above  aud  the  waters  below.  Nature  has  thus  far 
been  more  powerful  than  man,  who  has  struggled  in  vain  to  subdue 
this  fertile  valley  to  his  use. 

The  winds  that  pass  up  the  valley  of  Rio  de  la  Plata  to  the  moun- 
tains of  Peru,  Bolivia,  and  Argentina  are  not  so  heavily  charged  with 
moisture  as  those  of  the  Amazon  Valley;  consequently  the  thick  for- 
ests and  dense  vegetation  gradually  disapi>ear,  and,  instead  of  an 
inland  sea,  there  are  vast  plains  or  paiupas  over  which  roam  herds  that 
could  not  hve  iu  the  valley  of  the  Amazon.  Thus  tbe  diOcrence  iu  the 
rainfall  changes  tbe  entire  vegetal  and  animal  life. 

Through  the  center  of  South  America,  from  tlic  Caribbean  8ea  to 
tlie  straits  of  Magellan,  there  is  a  vast  stretch  of  lowland  through 
which  run  the  waters  of  the  Orinoco,  Amazon,  and  la  Plata,  with  low 
divides  between  their  valleys.  A  boat  can  pass  up  tbe  Orinoco,  thence 
by  Oassiquiare  Eiver  to  the  Bio  Negro,  a  branch  of  the  Amazon,  thence 
through  the  Amazon  and  its  branches  to  a  low  divide  between  tbe  val- 
leys of  the  Amazon  and  Rio  de  la  Plata.  Here  there  is  a  carry  of  6  or 
8  nules,  and  then,  continuing  down  la  Plata  to  the  Atlantic  Oceai),  the 
traveller  may  make  a  water  journey  of  over  3,000  miles  between  the 
Cordillera  and  the  eastern  plains  of  South  America. 

The  easterly  currents  flowing  from  the  Antartic  iwie  are  deflected  by 
Cape  Horn  along  both  the  eastern  and  western  coasts  of  Patagonia. 
On  the  eastern  coast  tbe  winds  blow  oSsliore,  leaving  that  coast  arid. 
The  westerly  current,  as  it  ap]>r<)acbes  the  tropics,  is  deflected  further 
westward  and  forms  the  greatest  of  theequatorial  cnri-euts.  The  mois- 
ture of  the  winds  that  blow  over  this  Antarctic  current  is  precipitated 
on  tbe  cool  shores  of  Patagonia  and  lower  Chile,  and  these  couutries  are 
correspondingly  enriched,  while  tbe  same  winds  continuing  over  the 
heated  pUuns  of  upper  Chile,  Peru,  aud  southern  Ecuador  are  rarefied 
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it  JH  1,600  miles  long  aad  about  2,000  miles  wide,  tbe  largest  and  rich- 
est valley  of  tUe  temperate  zooe. 

A  very  low  aud  uarrow  divide  separates  the  Mississippi  Valley  from 
another  great  vitlley  extendiDg  from  the  Kot^ky  Mountains  eastwanl, 
with  a  gentle  slope  to  HudsoD  Bay  and  the  Atlantic.  It  is  as  long 
from  west  to  east  as  the  valley  of  the  Mississippi  is  from  north  to  south, 
and  is  from  500  to  600  miles  wide.  Tbe  westeru  portion  of  this  plain 
is  drained  by  Saakatcbewnu  Uiver.  The  winds  which  blow  over  this 
valley  from  the  Rocky  Mouutaius  in  some  years  water  imperfectly  tbe 
western  portion  of  this  plain,  but  with  a  copious  rain-fall  tbe  land  yields 
abundantly;  the  eastern  portion  is  watered  from  Hudson  Bay,  lakes 
Winnipeg,  Manitoba,  and  tbe  other  large  lakes  of  that  province.  As 
tbe  climate  is  cold,  less  rainfall  is  required  than  in  the  valley  of  tbe 
Mississippi. 

Another  very  low  divide  separates  this  valley  from  tbe  great  plain, 
2,500  miles  long,  descending  with  a  gentle  slope  to  the  Arctic  Ocean, 
through  which  runs  the  Mackenzie  River.  The  winds  that  blow  from 
the  Arctic  Ocean  fall  in  rain  and  snow  in  this  valley. 

Thus,  through  the  center  of  America,  from  tbe  Arctic  to  the  Antar- 
tic  Oceans,  there  are  no  high  elevations,  while  there  is  a  more  uniform 
distribution  of  rainfall  and  temiieratiire  than  on  any  other  continent. 

From  the  Arctic  Ocean  cold  currents  of  water  flow  along  both  the 
eastern  and  western  coasts  of  Oreenland  and  bear  immense  icebergs 
and  fields  of  ice  southward  until  they  meet  the  warm  waters  of  the 
Gulf  Stream,  when  the  ice  melts,  causing  fog  banks  and  depositing  the 
debris  brought  from  the  Arctic  glaciers,  thus  aiding  in  the  making  of 
the  great  fishing  banks  of  Newfoundland.  The  Arctic  current,  still 
cold,  runs  southward  inshore  from  tbe  Oulf  Stream,  and  affects  tbe  cli- 
mate of  North  America  to  the  latitude  of  New  York  if  not  to  Cape 
Hatteras. 

Prom  the  Caribbean  Sea  and  the  Oulf  of  Mexico  the  Oulf  Stream 
passes  around  Florida  and  flows  along  tbe  southern  Atlantic  States. 
The  currents  of  air  from  tbe  Gulf  Stream  blow  over  slightly  cooler 
waters  and  deposit  rain  on  tbe  eastern  side  of  the  Alleghanies  aud 
water  tbe  eastern  coast  of  the  United  Stat«s. 


Tbe  main  Gulf  Stream  is  deflected,  by  the  shape  of  tbe  ocean  bottom 
and  the  contour  of  North  America,  northward  and  eastward  toward 
Europe;  but  its  drift  is  largely  increased  by  the  winds.  The  driftfi-om 
the  southward  sets  around  the  North  Cape  of  Norway,  71°  north  lati- 
tade,  keeping  the  coast  free  from  ice  all  the  year  round,  and  is  felt  in 
the  Kara  Se!>.  It  is  by  means  of  this  current  that  Nansen  hopes  to 
be  borne  through  tbe  Kara  Sea  and  from  the  Lena  Delta  by  way  of  the 
north  pole  to  Greenland. 

The  winds  that  blow  over  the  tinlf  Stream  water  the  western  coast 
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of  France,  Great  Britain,  and  Scandinavia,  and  temper  the  cliiuat«of 
tbese  nortliera  regions  to  such  a,  degiee  tbat  Stockholm  and  St.  Peters- 
burg have  become  great  citien,  while  in  a  lower  latitude  in  Labrador, 
on  the  other  side  of  the  Atlantic,  "  The  country  is  so  rocky  and  rough 
and  tbe  temperature  so  intensely  cold  in  the  winter  (lower  than  the 
inhabited  parts  of  Greenland)  that  Lahrador  would  be  worthless  and 
uninhabitable  except  for  the  schIs  and  fish."  These  cnrrents  are 
deflected  by  the  coasts  of  France  and  Spain  toward  the  west  and  are 
drifted  in  different  directions  by  the  wind,  watering  tbe  east«rn  coasts 
of  Spain  and  Portugal,  but  having  precipitated  their  moisture  they 
leave  the  high  lands  of  Spain  dry,  cold  in  winter  and  hot  iu  summer. 

In  the  Mediterranean  the  evaporation  is  much  greater  than  in  the 
Atlantic  Ocean ;  its  water  is  therefore  salt  and  heavier.  To  supply  this 
loss  by  evaporation  water  flows  fifom  the  Atlantic  into  the  Mediterra- 
nean from  west  to  east  as  a  surface  currents  The  projection  of  Italy 
and  Greece  into  tbe  sea  deflect  tliese  currents  along  each  coast  of 
both  countries. 

The  general  course  of  the  winds  of  southern  Europe  is  interrupted  by 
the  Alps  and  Ai>ennines  in  Itiily,  and  by  tbe  high  mountains  iu  Greece. 
Land  and  sea  breezes  water  these  countries  iu  August  and  September, 
while  the  winter  snow  on  the  Alps  fills  the  Italian  streams  in  summer 
and  irrigates  the  land  through  namerous  canals. 

A  plain,  beginniug  in  Holland  and  Belgium,  runs  through  Germany, 
gradually  growing  broader,  into  Itussia,  where  it  Ih  known  as  the 
Black  zone;  thence  northeastward  through  a  large  part  of  Siberia.  It 
is  low  in  the  west,  gradually  rising  toward  the  east,  though  iu  Siberia 
its  northern  nlargln  dips  gently  beneath  the  Arctic  Ocean.  The  west 
em  part  of  this  plain  is  watered  by  the  winds  from  the  Atlantic  and 
from  the  North  and  Baltic  seas  and  tlio  Gulf  of  Finland.  The  eastern 
part  in  Siberia  is  watered  by  the  winds  from  the  Arctic  Ocean.  These 
plains  are  the  granary  of  Kuroi*  and  Siberia,  although  a  small  part, 
comparatively,  of  the  Siberian  plain  is  gooti  for  corn. 


The  regularity  in  the  motion  of  the  (torrents  of  air  aud  water  pre- 
vailing in  the  Western  Hemisphere  and  the  Atlantic  Oirean  is  apparently 
laeking  iu  Asia  and  the  Indian  Ocean.  The  mountains  of  America  run 
northward  and  southward,  and  have  little,  if  any,  effect  in  originating 
currents  of  air,  and  none  at  all  on  the  ocean  currents.  In  Asia  the 
largest  and  highest  mass  of  mountains  in  the  world  runs  east  and  west, 
aud  from  their  foothills  the  great  plains  of  India  and  China  extend  to 
the  Indian  Ocean  and  the  China  Sea,  bringing  a  polar  climate  into  close 
contact  with  the  torrid  Kone. 

Cold  winter  winds  blow  from  the  Himalayas  and  the  high  plateaus 
of  central  Asia  southwestward  into  Indian  Ocean  aud  China  Sea  and 
drift  the  waters  with  them.     When  the  sun  turns  toward  tbe  north  in 
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the  summer  solstice  aud  the  plains  in  India  and  China  become  heated 
by  the  torrid  sun  the  wind  changes  and  blows  toward  the  northeast. 
At  the  meeting  of  the  winds  the  monsoon  breaks,  and  the  cyclones  of 
India  and  the  typhoons  of  China  follow.  Theyare  8oon  over,  and  then 
the  monsoon  blows  over  Indian  Ocean  and  China  Sea.  All  India,  Kash- 
mir, and  western  Tibet,  Farther  India,  Annam,  and  eastern  China  and 
Japan  are  well  watered,  50  inches  of  rain  falling  in  a  year  in  some  parts 
of  India. 

In  these  countries  there  are  generally  six  inouthsof  rainy  season  and 
six  monthsof  dry.  In  parts  of  India  the  water  of  the  rainy  season  is 
stored  in  large  reservoirs  for  irrigation  in  the  dry  season,  while  in  China 
uumerons  canals  between  the  diS'erent  rivers  in  like  manner  irrigate  the 
land.  India  and  China  are  among  the  richest  countries  of  the  world 
and  have  the  densest  population,  though  destined  to  be  surpassed  in 
the  future  by  the  population  of  the  Amazon  and  Mississippi  valleys. 

We  have  tlius  seen  the  eB'ects  of  the  winds  and  ocean  cuirents  in 
modifying  the  climate  and  in  oorjehing  the  great  valleys  of  South  Amer 
ica  and  Xorth  America,  of  £urope,  India,  China,  and  Japan. 

DESERTS  OB   BASINS. 

About  oneflfth  of  the  territory  in  each  continent  is  arid  and  desert 
land.  With  one  or  two  possible  exceptions  tlieae  arid  regions  are  basins, 
where  the  rivers  aud  rainfall  either  run  into  salt  lakes  or  are  lost  in  the 
desert  and  never  reach  the  ocean.  These  deserts  are  caused  by  the 
winds  which  blow  either  from  colder  over  warm  areas  and  are  there- 
fore dry,  or  over  vast  plains  or  mountainous  regions  ui>on  which  they 
have  precipitated  their  moisture. 

The  average  rain-tall  on  the  great  desei-ts  does  not  exceed  10  inches  a 
year,  and  the  evaporation  is  usually  greater  than  the  rain-fall.  They 
are  situated  generally  between  the  twentieth  and  fortieth  degrees  of 
north  latitude  and  between  the  twentieth  and  thirtieth  degrees  of  south 
latitude.  In  the  northern  belt  are  the  (.'arson  and  other  basins  of 
Nevada,  the  Salt  Lake  of  Utah,  the  desert  of  Sahara,  Arabia,  Persia, 
the  Aral-Caspian  desert,  the  Taniu  (iobi  and  Mongolia  desert.  In  the 
Bontheru  belt  is  the  desert  of  Atacama  in  South  America,  Kalahari  in 
South  Africa,  and  the  Australian  deserts.  These  basins  iu  the  north- 
em  belt  contained  formerly  lakes  much  greater  than  are  now  found  iu 
either  of  the  continents. 

Salt  Lake  was  formerly  much  larger  and  deeper,  for  its  waters  once 
beat  upon  shores  1,000  feet  higher  up  the  mountain  sides  than  at  pres- 
ent. Its  waters  then  found  their  way  to  the  ocean.  This  was  prolHkbly 
in  the  ice  age,  wheuthesurroundingmountains  were  covered  with  snow 
aud  great  glaciers,  and  the  evaporation  was  much  less  than  the  rain-fall 
and  the  water  from  the  melting  glaciers. 
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In  the  desert  of  Sahara  uiimerous  dry  water-couraes  show  where  great 
rivera  formerly  ran  into  Lake  Tchad. 

Id  Asia  the  Caspian  aud  Aral  seas  were  conuected,  covering  a  terri- 
tory many  timeB  greater  than  at  present,  with  an  outlet  to  the  Bos- 
pboras  and  Mediterranean. 

We  have  not  sufBcieDt  knowledge  of  Arabia  to  know  the  former  con- 
dition of  that  arid  country.  The  process  of  desiccation  is  still  going 
oti,  and  how  mach  longer  it  will  continue  no  one  can  tell. 

MOUNTAINS   OF    AMERICA. 

Next  we  will  noticetheindnenceof  the  mountains  ou  the  atmosphere, 
either  in  enriching  or  impoverishing  a  country,  or  in  intensifying  the 
movements  of  the  currents  of  air  and  water. 

The  mountains  of  America  rise  at  the  Arctic  Ocean  and  from  the 
divide  between  the  Mackenzie  and  Yukon  rivers.  A  second  range 
runs  from  northeastern  Alaska  through  Mount  St.  Elias.  Then  these 
two  bands  extend  tlirough  British  Columbia,  gradually  widening  as 
new  ranges  arise  until  they  obtain  a  width  of  500  mile«  at  the  boundary 
line  between  British  Columbia  and  the  United  States,  and  a  width  of 
1,000  miles  on  theline  of  the  Union  Pacific  Railroad.  These  two  ranges, 
the  Sierra  Nevada  and  the  Rocky  mountains,  come  together  in  southern 
Mexico  and  extend  as  a  single  range  through  Central  America  and  the 
Isthmos  of  Panama.  On  entering  South  America  this  range  again 
divides,  forming  the  Cordilleran  and  the  Andes  systems,  and  thence 
they  extend  southward,  with  a  varying  width  between  them  of  from 
40  to  200  miles.  They  are  connected  from  east  to  west  by  several  cross- 
ranges  or  spurs.  From  southern  Chile  the  Andes  continues  as  one 
chain  through  Patagonia  and  Terra  del  Fuego  to  Cape  Horn.  This  is 
the  longest  and  most  persistent  chain  of  mountains  in  the  world.  The 
peaks  gradually  rise  in  height  frnm  north  to  south  until  iii  Chile, 
Aconca4]na,  22,427  feet  in  height,  is  the  culminating  point;  thence 
southerly  the  range  gradually  lowers  to  an  elevation  of  a  few  hundn^ 
feet  only  at  the  Straits  of  Magelhni  and  Cape  Horn.  Several  volcanoes 
in  this  long  range  rise  to  a  greater  elevation  than  any  of  the  non- 
volcanic  peaks. 

In  Xorth  America  the  currents  of  air  jVoni  the  Pacific  Ocean,  in 
passing  over  the  Coast,  Sierras,  and  other  ranges,  deposit  a  large  por- 
tion of  their  moisture  on  the  mountains.  Between  these  ranges  are 
wann  valleys,  and  the  winds  chilled  in  crossing  the  mountains  evapo- 
rate the  little  moisture  in  these  valleys,  and  they  arc  left  dry  and  arid 
unless  irrigated  by  mountain  streams.  Thus  we  have  a  Kuccession  of 
arid  valleys  and  green  moantain  ranges  moistened  with  rain  and  snow, 
and  rich  in  forests  and  vegetation.  A  number  of  these  valleys  are 
inclosed  basins,  from  which  the  mountain  streams  liave  no  outlet  to 
tlte  ocean  and  in  some  of  which  saline  lakes  are  found. 
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111  Aflia  we  liave  tlie  largest  continent,  the  highest  mountains,  the 
must  elevated  plateaus,  and  the  greatest  ext«^nt  of  desert  land  ia  the 
world. 

The  Pauiir,  or  "nmf  of  the  world  " — "  the  abmie  of  the  Gods,  "  as  it 
■wan  called  by  the  inhabitants — is  a  vast  plateau  of  30,000  square 
miles  area,  with  a  north  and  south  extension  of  about  400  miles,  and 
with  a  mean  elevation  of  12,000  feet.  It  is  traversed  by  a  high  range 
of  mountains,  calniinating  in  the  Taghama,  25,J>00  feet  in  height.  The 
Pamir  was  the  only  barrier  Alexander  could  not  pass.  Now,  the 
English,  theRusstaus,  and  the  Chinese  meet  on  this  plateau  and  struggle 
for  the  control  of  Asia.  From  it  branch  all  the  great  mountain  ranges 
of  Asia. 

The  Hindu  Kush  range  runs  west  through  Afghanistan,  between 
Persia  and  Tnrkestan,  along  the  southern  shore  of  the  Caspian  Sea, 
culminating  in  Mount  Ararat,  thence  as  the  i'aucasus  Mountains  to 
the  Black  Sea,  while  a  spurof  this  chain  follows  the  southern  shores  of 
the  Black  Sea  to  the  Mediterranean.  The  Himalayas  run  a  little  south 
of  e«it  from  the  southern  part  of  the  Pamir  for  1,500  miles,  separating 
India  from  Tibet  and  China. 

The  Kuen  Lueu-range,  sometimes  considered  as  an  extension  of  the 
Hindu  Kusb,  runs  from  the  middle  of  the  Pamir  through  western  and 
part  of  central  China  for  2,700  miles.  The  Thiun  Shan  runs  from  the 
northern  end  of  the  Pamir  northeast,  separating  Tarim  and  Mongolia 
fmrn  Siberia.  As  it  approaches  the  ocean  it  turns  toward  the  north 
and  ends  in  Kamchatka,  forming  the  great  divide  between  the  waters 
of  the  Arctic  and  Pacific  oceans.  Between  these  mountain  ranges  are 
elevated  plateaus,  and  the  former  dominate  the  rainfall  and  tempera- 
ture of  the  continent. 

The  Bt«eper  slope  of  the  mountains  of  Asia  is  toward  the  Indian 
Ocean.  Between  the  Himalayas  and  Kuen  Luen  ranges  and  running 
fh)m  the  Pamir  east  is  the  highest  and  longest  plateau  in  the  world, 
varying  from  17,000  to  10,000  feet,  its  lowest  elevation. 

Above  this  plain  the  mountains  tower  from  1,000  to  18,000  feet. 
Their  summits  are  covered  with  everlasting  snow  from  8,000  to  10,000 
feet  below  their  crests.  Here  is  truly  the  *'  abode  of  the  snow, "  This 
plateau,  from  its  height  and  position  between  two  ranges  of  nmuntains, 
is  cold  in  winter  and  hot  in  summer.  This  is  Tibet,  the  land  of  the 
Llama.  Here  ail  the  great  rivers  that  empty  into  the  Pacific  and  Indian 
oceans,  excepting  the  Yukon,  the  Columbia,  the  Colorado,  and  the 
Zambesi,  have  their  source. 

In  the  western  part  of  Tibet  the  Indus  and  Brahmaputra  rise,  one 
running  west  through  a  pass  14,000  feet  in  height  into  ludia;  the  other 
running  east,  through  passes  thus  far  inaccessible  and  unknown  into 
India;  east  of  the  head  waters  of  these  two  rivers  rise  the  rivers  of 
Siam  and  farther  India. 
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Farther  to  the  northeast  rise  the  great  rivers  of  China,  the  Hoaiig-ho 
and  Yang-tse-kiang.  Their  valleys  are  separated  \>y  high  chaius  of 
moimtniiis,  extending  in  a  nortliwest  and  southeast  direction.  The 
Hoang-bo  runs  north  and  east  throiigli  tlie  temperate  zone  of  China, 
and  the  Yang-tHe-kiang  south  and  east  through  the  semitropical 
regions  of  middle  China.  As  they  gradually  approach,  tbey  inclose  a 
great  valley  and  become  the  arteries  of  the  Buperabundiint  life  of  the 
Empire.  The  eastern  part  of  this  great  valley,  watered  by  the  winds 
from  the  China  Sea,  is  crossed  from  northeast  to  southwest  by  parallel 
ridges,  from  wbicb  numerous  streams  descend.  Tbe  valley  of  eastern 
China  is  thus  abundantly  watered  and  the  rich  soil  yields  bountiful 
crops.  For  thousands  of  years  this  region  has  been  tbe  home  of  the 
Chinese,  a  self-dependent  world.  It  is  a  limited  territory  of  1,300  000 
square  miles  area,  no  larger  than  the  valley  of  the  Mississippi;  yet  it 
sustains  a  population  of  100,000  000  or  one-third  of  the  ^leople  of  tbe 
globe. 

North  of  tbe  Kueu  Luen  Mountains,  and  the  valley  of  the  Hoang-ho 
and  south  of  the  Thian  Shan,  is  the  plateau  of  the  Tarim,  sometimes 
called  Eastern  Turkestan.  It  is  much  lower  than  Tibet,  and  is  trav- 
ersed by  cross-ranges  of  hills  or  low  mountains,  through  which  flows 
the  river  Tarim,  Little  rain  falls  on  this  plateau,  the  sand  from  the 
desert  is  gradually  covering  tbe  fertile  valleys,  the  ancient  lakes  are 
now  little  more  than  salt  marshes,  and  where  formerly  lived  bands  of 
Huns  and  Vandals  that  over-ran  Europe,  now  only  a  few  shepherds  find 
a  scanty  living.  Tbis  part  of  the  world  seems  exhausted.  "  Without 
a  shrub  or  tree  or  blade  of  grass,"  and  no  longer  fit  for  the  residence 
of  man,  it  has  become  the  sole  home  of  tbe  wild  horse  and  tbe  yak. 
East  of  tbis  plateau  of  Turim  are  the  deserts  of  Gobi  and  Mongolia, 
which  extend  far  eastward  toward  the  sea  of  Japan,  a  high  range  of 
moatitains  separating  Mongolia,  however,  from  the  seacoast,  so  that 
only  dry  winds  blow  over  these  great  deserts. 

North  of  the  Thian  Shan  and  the  Altai  mountains  is  the  great  plain 
of  Siberia.  It  starts  from  a  lower  level  than  that  of  the  Tarim  desert 
and  descends  with  a  gradual  slojie  northward  for  1,500  miles  to  the 
Arctic  Ocean,  These  plains  resemble  in  some  respects  the  great  plains 
nf  the  United  States,  but  the  latter  slope  toward  tbe  east  and  south 
with  a  climate  growing  continually  warmer,  while  tbe  Siberian  plains 
slope  toward  the  oortli,  tbe  temiierature  growing  continually  colder. 
The  winds  in  summer  blow  from  the  Arctic  Ocean  over  these  plains  to 
the  Altai  Mountains,  while  in  the  winter  they  blow  from  the  mountains 
to  the  ocean.  There  is  a  slight  evaporation  from  the  Arctic  Ocean,  but 
tlie  temperature  of  Siberia  is  so  low  and  the  summers  so  short  that 
the  plains  require  comparatively  slight  rain-fall  to  fertilize  them. 

There  is  a  large  portion  of  Asia,  Arabia,  Persia,  Turkestan,  includ- 
ing Caspian  and  Aral  seas,  to  which  we  have  not  particularly  referred 
because  it  is  entirely  outside  of  the  influence  of  either  tbe  monsoon, 
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trade,  or  other  moisture-bearing  wimls.  This  territ^jry  extends  from 
Arabia  uortheastward  beyond  the  Lake  of  Biilkash  into  Siberia,  a  vast 
extent  of  country,  larger  than  Ifiiroiic — a  dry,  rainless  desert,  hot  in 
summer  and  cold  in  winter.  Part  of  this  region  is  from  0,000  to  7,000 
feet  above  the  level  of  the  sea,  part  below  the  sea  level,  yet  neither 
height  nor  depression  makes  any  difference  in  this  arid  land.  For- 
merly sertiona  of  these  countries  were  thickly  populated.  The  Aral 
and  Caspian  basins  were  called  the  "  Garden  of  the  world,"  lu  Meao- 
{Kttamia  were  Ninevah,  Bagdnd,  and  Babylon;  in  Persia,  Suaa  and 
Persopolia.  Historians  tell  ns  of  great  vitien,  flourishing  empires, 
where  now  isonly  a  barren  and  sandy  desert.  We  do  not  know  whether 
the  climate  ha»  changed  or  whether  in  ancient  days  the  country  was 
thoroughly  iiTigated,  and  now  through  neglect  has  been  buried  deep 
in  the  sand  of  the  desert.  Although  fonr-fiftha  of  Asia  are  either 
desert  or  mountainous  land  and  are  only  scantily  inhabited,  two-thirds 
of  the  population  of  the  world  are  found  within  its  borders. 
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THE    ICK    AGE    AND  ITS    WORK." 


By  A.  K.  Wallace,  F.  K.  a. 


1.   EBBATIC   BLOCKS  AND   ICE  SHEETS. 

It  IB  little  more  than  fifty  yearn  ago  that  oue  of  the  most  ]K>tent  agenta 
in  modifying  the  surface  features  of  our  country  wan  first  recognized. 
Before  1840, — when  AgasBiz  accompanied  Buckland  to  Scotland,  the 
Lake  District,  aud  Wales,  discovering  everywhere  the  same  indicationB 
of  the  former  presence  of  glaciers  as  are  to  be  found  so  abundantly  in 
Switzerland, — no  geologist  had  conceived  the  possibility  of  a  recent  gla- 
cial epoch  in  the  temperate  portion  of  the  Northern  Hemisphere,  From 
that  year  however  a  new  science  came  into  existence,  and  it  was  recog- 
nized tbatouly  by  a  careful  study  of  existing  glaciers,  of  the  uatureof  the 
work  they  now  do,  aud  of  the  indications  of  the  work  they  have  done  in 
past  ages,  could  we  explain  many  curious  phenomena  that  had  hitherto 
been  vaguely  regarded  as  indications  of  diluvial  agency.  One  of  the 
first  fruits  of  the  new  science  was  the  conversion  of  the  author  of 
Reliquue  JHluviana — Dr.  Buckland — who,  having  studied  the  work  of 
glaciers  in  Switzerland  in  cwmpauy  with  Agassiz,  became  convinced 
that  numerous  phenomena  he  had  observed  in  this  country  could  only 
be  due  to  the  very  same  causes.  In  November,  1840,  he  read  a  paper 
before  the  Geological  Society  on  the  "  Evidences  of  glaciers  in  Scotland 
and  the  north  of  England,"  and  from  that  time  to  the  present  the  study 
of  glaciers  aurl  of  tbeir  work  has  been  systematically  pursued  with  a 
large  amount  of  success.  One  after  another  crude  theories  have  been 
abandoned,  facts  have  Btea<lily  accumulated,  and  their  logical  though 
cautious  interpretation  has  led  to  a  considerable  body  of  well-sup- 
ported inductions  on  which  the  new  science  is  becoming  finnly  estab- 
lished. Some  of  the  moist  important  and  far  reaching  of  these  induc- 
tions are  however  still  denied  by  writers  who  have  a  wide  acquaintance 
with  modern  glaciers;  and  as  several  works  have  recently  appeared 
on  both  sides  of  the  (wntroversy,  the  time  seems  appropriate  for  a 
popular  sketch  of  the  progress  of  the  glacial  theory,  together  with  a 
more  detailed  discussion  of  some  of  the  most  disputed  points  as  to 
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dowD  the  Khone  Valley  as  far  as  the  Jura,  aod  there  deposited  the 
erratic  blocks  which  had  so  puzzled  the  diluvialiRts  to  explain. 

Other  writers  soon  followed  the  clue  thus  given.  In  1835,  Charpen- 
tier,  after  a  close  study  of  the  erratic  blocks  and  of  their  aoui-ces, 
adopted  the  views  of  Venetz.  Agassiz  followed,  and  by  his  strenuoiis 
advocacy  did  much  to  spread  correct  views  as  to  the  former  extension 
of  the  Alpine  glaciers,  and  their  capability  of  explaining  the  numerous 
superficial  pLeuomeiia  which  ia  all  northern  countries  had  been  thought 
to  afford  proofs  of  enormous  floods  and  of  the  subuiergeuce  of  a  large 
part  of  Europe  under  a  deep  sea.  He  has  therefore  gained  the  repu- 
tatiou  of  being  the  originator  of  the  modern  R<;hool  of  glacialists,  which 
undoubtedly  owes  much  t«  his  energy,  research,  and  powers  of  exposi- 
tion, though  all  the  more  important  facts,  aa  well  as  the  logical  con- 
clusions to  be  drawn  trom  them,  had  been  pointed  out  by  previous 
writers. 

Before  proceeding  further,  it  will  be  well  to  give  a  brief  outline  of  the 
phenomena  which  led  to  the  conclusion  that  glaciers  have  formerly 
existed  in  districts  and  countries  where  even  perpetual  snow  on  the 
mountain  tops  is  now  unknown.  These  may  be  briefly  classed  as  (1) 
moraines  and  drifts;  (2)  rounded,  smootlied,  or  planed  rocks;  (3)  striiB, 
grooves,  and  furrows  on  rock -surfaces;  (4)  erratics  and  perched  blocks. 

(1)  Moraines  are  those  heapsorridgesof  rock  and  other  debris  which 
are  deposited  on  the  surface  of  a  glacier  from  the  precipices  or  moun- 
tain slopes  whicli  border  it,  and  which  form  what  are  termed  lateral 
and  medial  moraines  while  uiK>n  it,  and  terminal  moraines  when, being 
gradually  discharged  at  its  end,  either  from  above  or  from  beneath  it, 
they  form  great  heaps  of  rock  and  gravel  corresponding  in  onthne  and 
extent  to  that  of  the  terminal  ice-cliS'.  Such  moraines  can  be  seeu  on 
and  near  all  existing  glaciers,  and  their  mode  of  formation  and  char- 
acteristics are  perfectly  well  known.     -     -     - 

(2)  Smoothed  and  rounded  rocks,  called  in  Switzerland  "  roches 
moatoiin<^>es,"  from  their  supposed  resemblance  at  a  distance  to  sheep 
lying  down,  are  perhaps  the  most  general  of  all  the  indications  of  glacial 
action.  Every  glaeler  carries  with  it,  imbedded  in  its  uuder  surface, 
numbers  of  rocks  and  stones,  which,  during  the  slow  but  unceasing 
motion  over  its  bed,  crush  and  grind  down  all  rocky  projections,  pro- 
ducing in  the  end  gently  rounded  or  almost  flat  surfaces  even  on  the 
hardest  and  toughest  rocks.  In  many  of  the  valleys  of  Wales,  the  Lake 
District,  and  Scotland  every  exposed  rock  has  ne<)uired  this  character- 
istic outline,  and  the  same  feature  can  he  traced  on  all  the  rocky  slopes 
and  often  on  the  summits  ofthe  lesser  heights;  and  the  explanation  of 
how  these  foriiis  have  been  produced  is  not  a  theory  only,  but  has  been 
observed  iu  actual  operation  in  the  accessible  portions  of  many  glaciers. 
Rocks  and  stones  are  to  be  seen  embedded  in  the  ice  and  actually 
scratching,  grooving,  and  grinding  the  nick  beneath  in  their  slow  but 
irresistible  onward  motion.    -     -     - 
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ti^O  nil:  irc  aue  asd  its  wokk. 

(>n  tbr  wtHtk-,  ratiMitlrriDK  Ibrir  abandsnre  id  all  gbuiated  lefnom 
Aiiil  lb«  dOkuuMt  of  iitfonoaltou  lb«>-  fn^**  >*  to  the  dirertioa  and  grind- 
itiif  |H>«rr  <if  K-r,  tlM-N«  ruuDtltril  r«irk»  alTonI  ooeof  the  BOt«t  tnittrnetive 
iixlit  .tititit*  t>l'  tli«  furnivr  )>rccwi>ev  vt  gUciers:  and  we  Mast  aiao  it^grem 
»ilh  ih*i  tTtibt'lit'Uiiu  of  l>>tr«io  ill)  a  |iu|>ef  vrittcn  aArr  andyingthe 
t>t>r»i>M>ritrt  t>f  Mr  M'tttiu  ID  NuTth  Walfc^.  aod  while  fmb  froB  htso'Mer- 
t  jImiu  of  ^l^M-r«  »im1  M-«(>rri:s  tii  tbe  Soatbem  BeBispberc)  that  -  «oi* 
t>l  )>•«>  WM  vn'rtum\  Wtnrru  tlnr  kUwIh  prwlucMl  hj  the  piinacr  of 
^)  >.  .<-t4  aim!  of  H:*-rn-iK«  t^  biwM  )>r  i|t>B>v  .nfaaiHftl  rorks." 

>  triMtr4l,  4f<H>vt<tl,  »imI  llutr«l  nx-k.-k  tbiHish  tMsttj  eottDeeted 
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ihr  i-t  k*  i>'t>c  tH-*-i>  )>ri)trt-[t^l  l>\  a  *.-«>veniij;  of  ithtl.  or  ev«B  of  tur^ 
.»i.  I  >>>>■'  Ui-it  M'i-«-iitK  rx|xMei).  tbfv  oiieD  exhrbti  UDBterov^  parallel 
A  ••  >,  v->>  >iv^  tioiii  i!ir  K^if.^t  s>-r<ti-ti«^todn-|i  furrows  a  foot  ornsre  ia 
it  t;,  :•,.  tvrlii)v4  iKHie  ot  tlif  »-(rt^-t-*»f  ire  so  elearl;^  dewkoa- 

^■..f-  kill-  41  -i>»i  •■(  £>Mirr'4  HA  o|>|Mnvil  t>i  tk;«t  uf  tcebn^s,  owing  ti> 
th>  K.  ...-.^I  ..>i><l>M<'i  of  llif  >lirri-n»u  of  llie  siruf.  aixl  the  Ioqjt  dis- 

i.t ;, ">  »>->>  u-  tro-nl  ti|>  and  <K>«ii  »loiit^  with  a  ^eadiBCas  of 

u. >•  4'  I  •-irMiH-x'*  .<f  viitritii;  |i>>«t-r  »tiii-b  no  iltkatut;  Mass  coold 

t     ^:>.>.  u  '■;■<.  Lt  wrrr  .■•ii.iiu  (>>f  |>hi-t:omf  ii.i  that  lirst  altrarted  the 
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The  most  importiint  of  these  facts  relate  to  tlie  erratic  blocks  from 
the  bigrtier  Alps,  whtvli  are  foun^  od  tUe  flanks  of  tlie  Jara  Moan- 
tains  wholly  formed  of  limestoDe,  on  which  it  in  tlierefore  easy  to  recog- 
nize the  granites,  slates,  and  metamorpliic  rocks  of  the  Alpine  chain. 
These  erratic  blocks  extend  along  the  Jura  range  for  a  distance  of  100 
miles,  aod  iii>  to  a  height  of  2,015  feet  above  the  Lake  of  Neufchatel. 
The  first  important  |>oiut  to  notice  is  that  this  highest  elevation  is 
attained  at  a  spot  exactly  opposite,  and  in  the  same  direction  as,  the 
Rhone  Valley,  between  Martigny  and  the  head  of  the  Lake  of  Geneva, 
while  north  or  south  of  this  pomt  they  gradaally  decline  in  elevation 
to  about  500  feet  above  the  lake.  The  blocks  at  the  highest  elevation 
and  central  point  can  be  tniced  to  the  eastern  shoulder  of  Mont  Blanc. 
All  those  to  the  soathwest  come  from  tlie  lofthand  side  of  tbe  Lower 
Bhone  Valley,  while  those  to  the  northeast  are  all  from  the  left  side  of 
the  Upper  Khoue  Valtey  and  its  tributaries.  Other  rocks  coming  from 
right-hand  side  of  the  Upper  Rhone  Valley  are  found  on  the  right- 
hand  or  Bernese  side  of  the  great  valley  between  the  Jura  and  the 
Bernese  Alps." 

Now,  this  peculiar  and  definite  distribution,  which  has  been  worked 
out  with  the  greatest  care  by  nnmerous  Swiss  geologists,  is  a  necessary 
consequeuce  of  well-known  laws  of  glacier  motion.  The  debris  from 
the  two  Bides  of  the  main  valley  form  lateral  moraines  which,  however 
mach  the  glacier  may  afterwards  be  contracted  or  spread  out,  keep 
their  relative  position  unchanged.  Each  important  tributary  glacier 
brings  in  other  lateral  moraines,  and  thus  when  the  combined  glacier 
ultimately  spreads  out  in  a  great  lowland  valley  tbe  several  moraines 
will  also  spread  out,  while  keeping  their  relative  position,  and  never 
crossing  over  to  mingle  with  each  other.  So  soon  as  this  definite  |>osi- 
tion  of  the  erratics  was  worked  out  it  became  evident  that  the  first 
explanation — of  a  great  submergence,  during  which  the  lower  Swiss 
valleys  were  arms  of  the  sea  and  the  Rhone  glacier  broke  off  in  ice- 
bergs, which  carried  the  erratics  across  to  the  Jura — was  altogether 
untenable,  and  that  the  original  explanation  of  Venet/.  and  Char{>ea- 
tiei-  was  the  true  one.    -    -    - 

We  must  now  consider  briefly  the  distribution  of  erratics  in  North 
America,  because  they  present  some  pecniiar  features  and  teach  us 
much  concerning  the  possibilities  of  glacier,  motion. 

An  immense  area  of  the  Northeastern  States,  extending  south  to 
New  York,  and  then  westward  in  an  irregular  line  to  Cincinnati  and 
St.  Louis,  is  almost  wholly  covered  with  a  deiwsit  of  drift  material,  in 
which  rocks  of  various  sizes  are  embedded,  while  other  rocks,  often  of 
enormous  size,  lie  upon  the  surface.  These  blocks  have  been  carefully 
studied  by  the  American  geologists,  and  they  present  us  with  some 
very  interesting  facts.  Not  only  are  the  distances  from  which  they  have 
been  transported  very  great,  but  in  very  many  cases  they  are  found  at 


*  A  map  ahowiDg  the  liues  nf  iliiipersnl  of  tben^  eiratics  in  given  la  Lyell's  AnUq- 
uiig  of  Men,  p.  344,  aod  ia  reproiluccil  in  my  WaadLi/t,  p.  ill. 


a  greut*^  *-t^i)L:>.'-.  z'c^y.  \':jf  f.^jtce  fri-ai  w'Lfh  tti<?  mti  have  ttmit. 

itaudKtxue  jibc^^m  ir.  >(■<.;<*  <v,ii,tj-,  Ta.    Macf  *•(  Akk  lM»«M«r9 

taiu«.^*U  ii..>:4  to  li^  t."ru.  r>r  ff>in  t"' *  *'>^'-'  '■■  Wi-ffct*— *■*.  t*iii 
Iiirtb*T  uwMV.  Tt-l*  ift-.t:.  .Li]m<d  <»f  br^w^irts  was  7*  or  **  tttt  idgb. 
Hud  tt  »'st>e:>']^  K^:.j  iD^<r^  <lnKieti'Iiti«  iiilo  a  At*^  yaiSrtj  IjMO  icvt 
Im-Jw  iLm-  pLueaa  ^n  a  icjily  f^iiiticQoaK  I::r.lM»!Bi^  patt  of  tbe 
i!>uutL«ru  nwraiuc  *»f  Ii.'-  ffr-cat  Anx-rirao  h*  sljwt. 

Ou  tii«  K«rtJtO'-ky  Li^]-.  alxiat  IJ  mtles  WKsth  <tf  CiBriDHan.  maglom- 
entt«  tMnrldf^s  t^m\^\jiiii'j:  |if-}i!>Wof  red  ja.>fier  raa  be  nand  to  a 
limiUid  oat(-i<i|i  or  ti'ic  f^me  mm  k  in  <'ai(a<la  to  i]-«  D>.>rth  of  Lake 
Huroii,  tuwe  tlian  f^*i  ii.il<r:<  di!>t.'iii(.  and  similar  boa ldcr»  ha rr  been 
luuud  at  iiit^naUover  1l(^  *tM>]«  iiitt-neiitn^coanrfT.  In  botli  tbeae 
CHM«tL«  bkK-lcft  iiiii-t  bave  |>a»>e<l  over  intervening  v:aGe>^  and  hills. 
tL«  latt«r  as  bich  or  ii<r;iily  jit  liiirh  a-t  ibe  son r«e  fix^  v hence  tbe 
rocktt  vere  derived.  Even  in'>re  remarkattle  are  nnmet^^s  bowlders  of 
Helderberg  iiiiK-titoue  on  tbe  sitmniit  of  tlie  Blue  Ridge.in  Penuityl- 
vauia,  Tbit-b  lua^t  bave  b<-en  bnmclit  fniin  ledires  at  least  oUO  feet 
lower  tban  tlie  piaces  njioii  «lii<b  tliey  now  lie,  Tbe  Bloe  Bid^  itself 
tibowg  rooarkable  ^igiix  of  trlaHiil  abrasion,  iu  a  well-defined  shoulder 
marking  tbe  »«outbem  limit  of  tbe  ice  ias  indicated  ali^o  by  heaps  of 
drift  and  eITatic^),  60  tbat  Sir.  Wright  eonclodes  that  several  bondred 
ieet  of  tbe  rid^'e  bave  b<-en  woni  a«  ay  by  tlie  ice. 

Tbecrowuiiigexanii)le  of  bowlder  transiMirtation  is  however  afforded 
by  tbe  blocks  of  ligbt-gray  gneii^  discovered  by  Prof.  Bitehcock  on  tbe 
Buuiuiit  of  Monnt  Wasbin^lon.  over  C,<MI0  feet  above  sea  level,  and 
identitied  with  BetUlebem  gneiss,  whose  nearest  ontt-rop  is  in  .leOier- 
60U,  several  miles  to  tbe  northnest.  and  3.0<>(>  or  -i.UOO  feet  low»  than 
Mount  Washington. 

These  varied  phenomena  of  errati<r  blocks  ami  rock  striations. 
together  with  the  eiionnons  iiuantity  of  bowlder  clay  and  glacial  drift 
Bjiread  over  the  whole  of  the  Eastern  states,  terminating  aoatbward  in 
a  more  or  less  abrupt  line  of  moauils  ba\ing  all  the  characteristics  of 
an  enormous  moraine,  have  led  Ameriean  geoli^ists  to  certMn  definite 
cont'losions  in  which  they  all  i»ra<tiially  agree.  It  may  be  well  first  to 
give  a  notion  of  the  euormons  amount  of  the  glacial  debris  under  which 
a  large  i>art  of  tbe  Eastern  States  is  buried.  In  Xew  England  these 
de|K>sitK  are  of  le>R  thickness  than  fartlier  Mxith.  averaging  from  10  to 
3(>  feet  over  the  whole  area,  la  Pennsylvania  and  Sew  York,  east  of 
the  Alleghanies,  the  dejwisits  are  very  im'gular,  often  60  or  70  feet 
thJilt  and  sumetimes  more.  West  of  tbe  Allegbanies.  iu  New  Vork, 
IVntiMlviini:!,  and  Ohio,  the  thickness  is  nincb greater, Iwing  often  liiO 
or  'JtHitfX  ill  the  uiile  valh  ys  aixl  4i>or50  fei-t  on  many  of  the  uplands. 
^•■'tf,  >'/-wlMTTj-(-;ihnl.ile>  llnit  in  Olii<i  if  averages  (A)  feet  deep  over  an 
.tl;.-..U^»w,N..iemiIe-. 
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Tbe  direction  of  the  Htriie  aud  of  the  travelletl  bowlders,  together  with 
the  form  of  the  great  terminal  moraitie:^,  show  that  there  mast  have 
been  two  main  centers  of  onttlow  for  the  ice  sheet,  one  over  Labrador, 
the  other  over  the  Laarentian  Higblamls  north  of  Lake  Superior.  The 
Boatbem  margin  of  the  drift  may  be  roughly  representetl  by  portions 
of  circles  drawn  from  these  two  points  as  centers.  The  erratics  on  tlie 
Bummtt  of  Meant  Washington  show  that  the  ice  sheet  must  have  been 
a  mile  thick  in  its  neighborbooil,  and  much  thicker  at  the  centers  of 
dispersion,  while  the  masses  of  drift  and  erratics  on  plateaus  2,000  feet 
high  near  its  southern  boundary  indicate  a  great  thickness  at  the  ter- 
mination. The  Laurentian  platean  is  now  aboot  2,000  feet  above  the 
sea  level,  but  there  are  numerous  indications  from  buried  river  chan- 
nels, filled  with  drift  and  far  below  the  sea,  which  lead  to  the  conclu- 
sion that  during  the  Ice  Age  the  land  was  much  higher.  That  snow 
can  accumulate  to  an  enormous  extent  over  land  of  moderate  height 
when  the  conditions  are  favorable  for  such  an  accumalation  is  shown 
by  the  caise  of  Greenland,  the  greater  part  of  whose  surface  is  a  vast 
plateau  of  ice  flowing  oatward  by  numerous  glaciers  into  tbe  sea.  The 
center  of  this  plateau  where  Dr.  Nansen  crossed  it  was  over  9,000  feet 
above  sea-level,  and  it  may  be  very  much  higher  farther  north.  It 
therefore  seems  probable  that  the  great  American  ice  sheet  was  at 
least  as  high,  and  perhaps  much  higher,  and  this  would  give  sufficient 
slope  for  the  flow  to  the  southern  border.  Of  course,  during  the  suc- 
cessive stages  of  the  glaciation  there  may  have  been  numerous  local 
centers  from  which  glaciers  radiated,  and  daring  the  passing  away  of 
the  Ice  Age  these  local  glaciers  wouhl  have  left  striie  and  other  indi- 
cations of  their  presence.  But  no  much  of  the  area  covered  by  the 
drift — all  in  fai't  south  of  the  New  England  mountains  and  the  Great 
I<akes — is  undulating  ground,  hill,  valley,  and  plateau  of  moilerate 
height;  that  here  all  the  phenomena  seem  to  be  due  to  the  great  con- 
fluent  ice  sheetduring  the  various  phases  of  its  advauceand  its  passing 
away.  ■    ■ 

It  will  now  be  well  briefly  to  sketch  the  distribution  of  errntic  blocks 
in  Great  Britain,  and  the  conclusions  to  be  drawn  from  them  as  to  the 
former  existence  of  an  ice  sheet  under  which  the  greater  part  of  our 
islands  was  bnried. 

Every  mountain  group  north  of  the  Bristol  Channel  was  a  center 
from  which,  in  the  earlier  and  later  phases  of  the  Ice  Age,  glaciers  radi- 
ated; but  many  facts  prove  thatduringitsmaximumdevelopmentthase 
separate  glacier  systems  became  confluent,  and  formed  extensive  ice 
sheets,  which  overflowed  into  the  Atlantic Ucean  on  the  west  and  spread 
far  over  the  English  lowlandson  theeast  and  south.  This  is  indicated 
partly  by  the  great  height  at  which  glacial  striie  are  found,  reaching  to 
2,500  feet  in  the  lake  district  and  in  Ireland,  somewhat  higher  in  North 
Wales,  and  in  Scotland  to  nearly  .t,.'i00  feet;  but  also  by  the  extraordi- 
nary distribution  of  erratic  blocks,  mitiiy  of  which  can  be  traced  to  locali- 
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ties  whence  tbey  coald  only  have  bc«n  broaght  across  the  sea.  The 
direction  of  the  glacial  etriie  and  or  the  sniootbed  side  of  ice- worn  rocks 
also  indicate  that  the  shallon-  seas  were  all  filled  up  by  ice.  -  -  On  all 
sides  of  Ireland,  except  the  Kootbem  coast,  the  ice  flowed  oatward,  bot 
on  the  northeast  the  flow  was  diverted  sonthward,  and  on  the  extreme 
north,  westward,  by  the  preasare  of  the  overflowing  ice  sheet  of  Soot- 
land  which  here  encoantered  it.  lu  like  manner,  the  ice  marks  on  the 
east  coast  of  Ireland  and  the  west  coast  of  Wales  are  diverted  sooth- 
ward  by  the  mntoal  preKSure  of  their  ice  sheets,  which,  together  with 
that  of  the  west  of  Scotland,  filled  np  St.  George's  Channel.  That  saeh 
was  the  case  is  fiirther  proved  by  the  foct  that  the  Isle  of  Man  is  ice- 
bonnd  in  a  general  direction  from  north  to  sonth,  and  to  the  sammit 
of  its  loftieat  mountains,  which  rise  to  a  height  of  over  2,000  feet.  This 
conld  only  have  been  done  by  an  ice  sheet  flowingover  it,aDd  this  view 
is  ftartber  supported  by  some  most  remarkable  facts  in  the  dispersal 
of  local  erratics.  These  are  always  foand  to  the  soath  of  the  places 
where  they  occur  in  sitn,  never  to  the  north;  and,  what  is  still  more 
noteworthy,  they  are  often  foand  far  above  the  native  rock.  Thna 
Ixtwlderx  of  the  peculiar  Foxdale  granite  are  found  about  1,400  feet 
higher-  than  the  highest  jioiut  where  there  is  an  outcrop  of  this  rock. 

The  Scotch  ice  sheet  flowed  outward  on  all  sides,  but  on  the  east  it 
wait  met  by  the  southward  extension  of  the  great  Scandinavian  ice 
sheet.  On  the  extreme  oorth  tlie  meeting  of  these  two  ice  sheets 
resnlted  in  a  flow  to  the  northwest  which  glaciate<l  the  Orkney  Islands, 
while  the  Shetlands,  much  farther  north,  received  the  full  impact  of 
the  S<'andinavian  ice  alone,  and  are  therefore  glaciated  from  the  north- 
east. The  dividing  line  of  the  Scotch  and  Scandinavian  ice  sheets  was 
in  the  North  Sea,  not  far  from  the  east  coast  of  Scotland;  bnt  farther 
Honth,  at  Flamborougb  Head  and  Holderness,  the  latter  impinged  on 
onr  coast,  bringing  with  it  enormous  quantities  of  Scandinavian  rocks. 
Many  years  ago  I'rof.  Se<lgwick  described  the  cliff's  of  bowlder  clay  at 
MoldernesM  as  containing  "an  incredible  number  of  smooth  round 
b[(N;kH  of  granite,  gneiss,  greenHtone,  mica  slate,  et^-.,  resembling  none 
of  the  nx-ks  of  England,  bnt  resembling  specimens  derived  from  vari- 
oHs  parts  of  the  great  Scandinavian  chain."  These  are  mixed  how- 
ever with  a  number  of  British  rocks  from  the  north  and  west,  indi- 
cating the  mc4^ting  ground  of  the  two  conflicting  ice  sheet.-4.     Similiur 

. .   .... II  _i .i^g  coast  as  far  as  the  clifTs  of  Cromer  in  Norfolk. 

Flamborough  about  2  miles  westof  the  lights 
:  ridge  containing  a  few  Scaudinavian  bowlders, 
British  rock^.  These  latter  consist  of  nnmer- 
from  the  north  and  northwest,  together  with 
a  peculiar  rock  found  only  on  Shap  Fell,  in  the 
ke  District,  together  with  a  few  of  Galloway 
will  be  seen,  add  further  confirmation  to  the 
t  ice  sheets  indicated  by  the  ice-markings  apon 

.  ..C'.oogle 


THB  ICE  AGE  AND   ITS  WOBE.  285 

the  varioun  groups  of  uouiitaiiia,  while  it  is  hu)>e1esBly  iinposBible  to 
explain  them  on  any  theory  of  local  glaciers,  even  with  the  aid  of  sub- 
mergeace  and  of  floating  ice.     •     ■     - 

The  center  of  the  great  glacier  sheet  of  North  Walea  appears  to  hav« 
been  over  the  Arciiig  Moantains^  whence  erratics  of  a  peculiar  volcanic 
rock  have  been  traced  to  the  north  anil  east,  mingling  with  the  last- 
described  groupj  while  a  distinct  train  of  these  Welsh  erratics  stretches 
southeastward  to  the  conntry  west  of  Birmingham. 

In  the  Islo  of  Man  are  found  many  erratics  from  Galloway  and  a  few 
from  the  Lake  District.  But  the  most  remarkable  are  those  of  a  very 
peculiar  rock  found  only  on  Ailsa  Craig,  a  small  island  in  the  Frith  of 
Clyde,  and  a  single  bowlder  of  a  peculiar  pitohstone  found  only  in  the 
Isle  of  Arran.  Tlie  Ailsa  Craig  rock  has  also  been  fonnd  at  Moel  Try- 
faen,  on  the  west  side  of  Snowdon,  and  more  recently  at  Killiney  County, 
Dublin,  on  the  seashore.* 

The  case  of  the  bowlders  in  the  Isle  of  Man,  which  have  been  carried 
nearly  800  feet  above  their  source,  has  already  been  mentioned,  but 
there  are  many  other  examples  of  this  phenomenon  in  our  islands;  and 
as  they  are  of  great  importance  in  regard  to  the  general  theory  of  glacial 
motion,  a  few  of  them  may  be  noted  here.  So  early  aslSlS  Mr.  Weaver 
described  a  granite  block  on  the  top  of  Cronebane,  a  slate  bill  in  Ireland, 
and  several  bandrcd  feet  higher  than  any  place  where  similar  granite 
was  to  be  found  in  situ;  and  he  also  noticed  several  deposits  of  lime- 
stone gravel  in  ])la<;e8  from  300  to  400  feet  higher  than  the  beds  of  lime- 
stone rock,  which  are  from  2  to  10  miles  off.  Debris  of  red  sandstone  is 
also  found  much  higher  than  the  parent  rock.  BowldersofShap  gran- 
ite, Mr.  Eeudal  tells  us,  have  passed  over  Stainmoor  by  tens  of  thou- 
sands, and  in  doing  so  have  been  carried  about  200  feet  above  their 
sonrce;  and  the  curious  Permian  rock,  "  Brockram,"  has  been  carrieil 
in  the  same  direction  no  less  than  1,000  feet  higher  than  its  highest 
point  oforigin.t  In  Scandinavia  there  are  still  more  striking  examples, 
erratic  blocks  having  been  found  at  an  elevation  ot  4,.5O0  feet,  which 
could  not  possibly  have  come  from  any  place  higher  than  1,800  feet.f 
We  thus  find  clear  and  absolute  demonstration  of  glacier  ice  moving 
uphill  and  dragging  with  it  rocks  from  lower  levelN  to  elevations  vary- 
ing from  200  to  2,700  feet  above  their  origin.  lu  Switzerland  we  have 
proof  of  the  same  general  fact  in  the  terminal  moraine  of  the  northern 
branch  of  the  Rhone  glacier  being  about  200  feet  higher  than  the  Lake 
of  Geneva,  with  very  much  higher  intervening  ground.     -    ■    ■ 

The  facts  thus  establishetl  render  it  more  easy  for  us  to  accept  one 
of  the  latest  conclusions  of  British  glacialists.  A  great  submergence 
of  a  large  portion  of  the  British  Isles  during  the  glacial  period,  or  in 
the  interval  between  successive  phases  of  the  glacial  period,  has  long 
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is  especially  iaterestiDg  on  accuuiit  ol'  the  extreme  divergeace  of  opin- 
ion that  still  prevails  on  the  subject.  While  the  general  facts  of  gla- 
ciatioD,  the  ext«ut  and  thickness  of  the  old  glacit-rs  and  ice  sheets,  and 
the  work  they  did  iu  distributing  huge  erratics  many  hundred  miles 
from  their  sources  and  in  covering  thousauds  of  square  miles  of  coun- 
try with  thick  layers  of  Iwwider  clay  and  drift,  are  alt  admitted  as 
beyond  dispute,  geologists  are  still  divided  into  two  hostile  camp?  when 
the  origin  of  lake  basins  is  concerned;  and  the  opposing  forces  seem 
to  be  approximately  equal.  Having  for  many  years  given  much  Atten- 
tion to  this  problem,  which  has  had  for  me  a  kind  of  fascination,  I  am 
convinced  that  the  evidence  in  favor  of  glaciation  has  not  been  set 
forth  in  all  its  cumulative  force,  while  many  of  the  arguments  against 
it  seem  to  me  to  be  either  illogical  or  beside  the  point  at  issue.  I  have 
also  to  adduce  certain  considerations  which  have  hitherto  been  over- 
looked, bnt  which  appear  to  me  to  aftord  very  strong  if  not  conclusive 
evidence  for  erosion  as  against  auy  alternative  theory  yet  proposed.  I 
shall  therefore  first  set  fortli,  as  fully  as  the  space  at  my  command 
will  allow,  the  general  evidence  in  favor  of  the  ice  origin  of  certain 
classes  of  lakes,  and  the  special  conditions  requisite  for  the  produc- 
tion of  lakes  by  this  agency.  The  objections  of  the  best  authorities 
wdl  then  be  considered  and  replied  to,  and  the  extreme  difficulties  of 
the  alternative  theories  will  be  pointed  out.  1  shall  then  describe  cer- 
tain peculiarities,  hitherto  unnoticed,  which  clearly  iwint  to  erosion,  as 
opposed  to  any  form  of  subsidence  and  upheaval,  in  the  formation  of 
the  lakes  in  question.  Lastly,  the  special  case  of  the  Lake  of  Geneva 
will  be  discussed  as  affording  a  battle-ground  that  will  be  admitted  to 
be  highly  favorable  to  the  anti-glacial  ists,  since  most  of  them  have 
adduced  it  as  being  entirely  beyond  the  powers  of  the  ancient  glaciers 
to  have  produced. 

1.  The  different  kinds  of  lakes  and  their  distribution. — To  clear  the 
ground  at  the  outset,  it  may  be  well  to  state  that  the  great  plateau 
lakes  of  various  parts  of  the  world  have  no  doubt  been  formed  by 
some  kind  of  earth  movements  occurriug  subsequent  to  the  aphe;ival 
and  partial  denudation  of  the  country.  It  is  universally  admitted 
that  existing  lakes  can  not  be  very  ancient,  geologically  speaking,  since 
they  would  inevitably  be  filled  up  by  the  sediment  carried  into  them 
by  the  streams  and  by  the  wind.  Our  takes  must  therefore  be  quite 
modern  features  of  the  earth's  surface.  A  considerable  proportion  of 
these  plateau  lakes  are  in  regions  of  little  rain-fall,  and  many  of  them 
have  no  outlet.  The  latter  circumstance  is  a  consequence  of  the  for- 
mer, since  it  indicates  that  evaporation  balances  the  inflow.  This 
would  havefitvored  the  formation  of  such  lakes,  since  it  would  have 
prevented  the  overflow  of  the  water  from  the  slight  hollow  first 
formed,  and  the  cutting  of  an  outlet  gorge  which  would  empty  the 
incipient  lake.  Capt.  Dutton,  in  his  account  of  the  geology  of  the 
Grand  Canyon  district,  lays  stress  on  this  fact,  "that  the  elevaUon  of 
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Cur  tlie  ED<e>Bi  sav^  r.i-  b»^  :li-  :  kc  nr^*  a-  I^k:  ;^  um-  oiio^r^  m 

ennentud  w  tIm-  funuAti  il  -if  litt-  ikrrf  ]>.i>v- 

bat  tbe  earth  biiv«v«i::-  n.DfS  ii  tuo*  atme*  kv'^  l<«3.  €Xcr]>afKaIIj' 
rapid  and  «xi^utN:ivu  kt><I  -.u-^y  ^r^  i»r-^<ri-i:.p.-r  fiaitd  mos]  «Ara  in 
ouuitnee  mit'twi  !*■  r..il..-»:.i'.  d-!-"ur'*u"T*.  t-U'-i  *re  ilie  lakes  «f 
euotbem  lialr.  vf  Vat^j.i-..;^  if  A*^»  V. !>■•;.  and  ]<dh}«  ib*^  «f 
wntral  Afrita. 

pnMi[i«  wti'li  li*r*  -twi.  «:;■;  .-ri  ','•  ti^Tviuf  rii*r-.jt=ti<i~  Tkew  are 
chaiattmisTKml^T  T-i,IJt7^  l*ce&  Mnccrr'.ur  .'-  Um-  i-'Vfc  jxrTifnc  «tf  xW 
TTtl'ivyt  wLk'i.  ii»vf  itmT.  Tit  ;«t*i-  :•'.   «»rTt»:faf  sriacMTK,  ilteir   fre-- 

ami  eJi'i<e  ^f  tlK-  TkTi-v.  »ii4  lii*-  ::,;<n:vTT  w'  ii«r  rlik<-iarj-.<ii  lo  vhjc^ 
iIm-t  Lav*-  liwL  stl.'r"-!.  Ii.  Ktzj  i'»^  r^^r:  ttt  vr  ttv«-  :i.  Wait^  a  ^aall 
diuuIkt  vf  Tjilitrr  jkko:  ii.  zm  l»tf  c.^tt-iic  Tiicr*  Tire  k*  sbert  caa 
bf  pn>Tt>d  fa"  t»v*  '.i»'rti  H.3<t  •Li'S.rT  iiifd  «•  LATr  Iass*^  >>>iif«r.  we 
hat-«  nnve  lbumtvc*^  1*:-^^.  ai>:  ir^;>^  utCt^:  aiic  :3i  Scotland,  aill 
■M4V  sertTrlr  pla':i*T««.  ti»r  l^crf  a^*  j>-J  L«.v«  i.TLB»Mvii|tiv  ^naf  cf 
tlto^  iu  ti>e  »>*5  <tj*^:^  *•=:  :<•  t->e  se*  a-.-d  1  -rr-ii-g  ;i*  l-«ks  aad 
siiaiHl^<rf' tlir  w««*ni  L^Lliij'i-.  O-iEirr  T-*  Swrtntc-iar.d.  whirk.  as 
we  hart  »*)eu,  bwirs  ;:i'ii<-aiJii«*  »«f  ^ lati.!  o:.  i-i.  a  ek»«j  eijaaiic  scale. 
we  tiud  a  fra;jd  Bunir^  of  T«:iey  I^kr«  l-ri,  •■-  Vt-*  »v-tk  a:td  soatk, 
situated  i-jr  tL<?  aiu^t  p-rt  li  t^  tr».  k*  <'f  :L-*e  e^imno^  glaciers 
wbi«e  t\tmvT  eii-W-w-ft-  a^d  grWH  d^vt- l.,.j.^  ^:.:  li.  ticirlr  prond  by  the 
raet  iiH>r«^««  of  u»r:lirii»  IiaIt  i^d  tir  tr-jr^ZJed  Sk<cks  aif  Swimr- 
Uml  atid  Fraa<-^-.  In  SrjLdii-ina.  wiH-r*-  :i.c  u*  aire  n-;£T»«d  loagest 
aiid  with  gT*--ile«t  jwwtT.  \Akvs  a't^oEd  :i:  *!=»••?.:  ai;  tiw  vxZleys  of  tbe 
e»<tfni  sli>pc,  wL:>  on  tb*  west  ii«-  Eor^i*  or  s-^iMDer^ed  lakes  are 
rt|tially  cUarw^-i^ri-'tir. 

Id  North  AoM-ricA.  lo  ibf  s-nih  of  ihv  ^x.  l^wivTi<7e  River  and  of  lakes 
Outariu  and  Krif,  llitre  are  d-joi'icts  of  ir^e  vaIVy  Likes,  as  tb«ze  are 
alaai  iD  Caiia^la,  be^idtis  innnmeral'V  oiher*  s<-a:;etvd  over  tbe  <^md 
f<MiDtry,  espwially  iu  tbe  North,  whrre  tbe  ii-e  r^Lt*!  mast  have  beeo 
tliK-kv«t  and  have  liuirer*^  longest.  Aud  iu  tbe  soaibem  bemispbere 
we  have,  in  Sew  Zealand,  a  re j>P'd action  of  tinr^  i>Ltnomena — a  gtand 
monntaiti  ntu>:e  with  existing  glacit-rs.  ind:<.-a;:i<n$  that  the^e  glaciers 
wt>r«  HH-ently  niach  more  extensive,  a  t!er:e«  of  fi:ie  valley  lakes  form- 
ins  «  <ru®  '"ke  distrirt,  rivaling  that  of  Switzt-rlaud  in  extent  and 
WiuUy,  with  liords  on  the  souibwi-^t  oast  coniivarahle  with  tboeectf 
Norway. 

*hese  ^"alley  lakes  there  are  two  otbtT  kinds  of  lakes  alwayx 
:n>nj:ly  jilaciatt'd  r\'?:ions.  These  .ire  alpiue  tarns — small 
-iti^  at  high  ele\-at ions  and  very  often  at  the  beadsof  TaUqrs 
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ander  lofty  precipices;  and  small  or  large  plateau-  or  low  level  lakes 
which  occur  literally  by  thousai>ds  in  northern  Canada,  in  Sweden,  Pin- 
land,  Lapland,  and  northwestern  Kussia.  The  valley  lakes  and  the 
alpinetarnsareadmittetl  hyall  geologists  to  he  mostly  true  rock  basins, 
while  the  plateau  and  low  country  lakes  are  many  of  them  hollows  in 
tbe  drift  with  which  much  of  the  country  is  covered,  though  rock  basins 
are  also  not  unfrequent. 

Here  then  we  see  a  remarkable  association  of  lakes  of  various  kinds 
with  highly  glaciated  regions.  The  question  is  whether  there  is  any 
relation  of  cause  and  effect  in  the  association ;  and  to  determine  this 
we  must  t»ke  a  rapid  survey  of  other  mountain  regions  where  indica- 
tions of  ice  action  are  comparatively  slight  or  altogether  wanting,  and 
see  whether  similar  lakes  occur  there  also.  The  comparison  will,  I 
think,  prove  very  instructive. 

Spain  and  Portugal  are  preeminently  mountainous  countries,  there 
beinga  succession  of  distinct  ranges  and  isolated  mountain  groups  from 
east  to  west  aud  from  north  to  south;  yet  there  is  not  a  single  valley 
lake  in  the  whole  peninsula,  and  but  very  few  mountain  tarns.  Sar- 
dinia and  Corsica  are  wholly  mountainous,  but  they  do  not  api>ear  to' 
possess  a  single  valley  lake.  Xor  does  the  whole  range  of  the  Appe- 
nines,  though  there  are  many  large  plateau  lakes  in  southern  Italy. 
Farther  south  we  have  the  lofty  Atlas  Mountain,  but  giving  rise  to  no 
snbalpine  valley  hikes.  Tbe  innumenible  mountains  and  valleys  of 
Asia  Minor  have  no  lakes  but  those  of  the  plateaus;  neither  has  the 
grand  range  of  tbe  Lebanon,  100  miles  long,  and  giving  rise  to  an 
abundance  of  rivers.  Turning  to  the  peninsula  of  India  we  have  the 
ranges  of  the  Gbants,  800  miles  long,  the  mountain  mass  of  the  Neil- 
gherries  and  that  of  Ceylon,  all  without  such  lakes  as  we  are  seeking, 
though,Ceylon  has  a  few  plateau  lakes  in  the  north.  The  same  phe- 
nomenon meets  us  in  South  Africa  and  Madagascar — abundance  of 
mountains  and  rivers,  but  no  valley  lakes.  In  Australia,  again,  the 
whole  great  range  of  mountains  from  the  uplands  of  Victoria,  through 
New  South  Wales  and  Queensland  to  the  peninsula  of  Cape  York,  has 
not  a  single  true  valley  lake^  Turning  now  to  the  Xew  World,  we  find 
no  valley  lakes  in  the  southern  Alleghanies,  while  the  grand  mountains 
of  Mexico  and  Central  America  have  a  few  plateau  lakes,  but  none  of 
the  class  we  are  seeking.  The  extremely  mountainous  islands  of  the 
West  Indies — Cuba,  Hayti,  and  Jamaica— are  equally  deficient.  In 
South  America  we  have  on  the  east  the  two  great  mountain  systems  of 
Gniana  and  Brazil,  furrowed  with  valleys  and  rich  in  nmnntain  streams, 
but  none  of  these  are  adorned  with  lakes.  And,  lastly,  the  grand 
ranges  of  the  equatorial  Andes,  for  10  degrees  on  each  side  of  the 
Jilqaator,  pro<luce  only  a  few  small  lakes  on  the  high  plateaus,  and  a 
few  in  the  great  lowland  river  plains — probably  the  sites  of  old  rivet 
channels — but  no  valley  lakes  in  any  way  comparable  with  those  of 
Switzerland  or  even  of  our  own  insignificant  mountsiins.     •    -    • 
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2.  The  conditions  that  favor  the  production  of  lakex  by  ice  erosion.— 
Those  who  upimse  tbe  production  of  lake  biiRiiis  by  ice  erosiuu  often 
argne  as  if  tlie  »ize  of  tlie  glaeier  was  tbe  only  faetor,  aod  ttrge  that 
becanse  there  are  no  lulie  basins  in  one  valley  where  large  glaeierK 
have  been  at  work,  those  which  esist  iu  aunther  valley  where  tbe 
glaciers  were  no  larger,  conld  not  have  been  pro<luced  by  tUeni.  Bat 
this  by  no  means  follows,  because  the  production  of  a  lake  basiudei>end8 
on  a  combination  of  favorable  conditions.  In  the  first  |thR«  it  is  evi- 
dent that  ice  erosion  to  some  extent  most  have  taken  place  along  the 
whole  length  of  the  glacier's  course,  and  that  in  many  cases  the  result 
might  be  simply  to  deepen  the  valley  all  along,  not  <]uite  equally, perhaps, 
bnt  with  uo  such  extreme  differences  as  to  produce  a  lake  basin.  This 
would  especially  be  the  case  if  a  valley  bad  a  considerable  downward 
slope,  and  was  not  very  unequal  in  width  or  in  the  nature  of  the  ro<-ks 
forming  its  floor.  The  first  essential  t^)  lake  erosion  is,  therefore,  a 
differential  action,  caused  locally  either  by  increased  thickness  of  the 
ice,  a  more  0)ieQ  and  level  valley  floor,  or  a  more  easily  eroded  rock,  or 
by  any  combination  of  these.     ■     •     - 

Jt  must  always  be  remembered  that  glacial  erosion  is  produced  by 
the  tremendous  vertical  pressure  of  the  ice,  by  its  lower  stratsi  being 
thickly  loaded  with  hard  rocks  frozen  into  its  mass,  and  by  it^  slow 
but  contiimous  motion.  In  the  lower  ]iart  of  its  course  a  glacier  would 
be  most  charged  with  rocky  dtibris  in  its  under  strata,  since  not  only 
would  it  have  been  continually  breaking  oft'  and  absorbing,  as  it  were, 
ft-esh  material  during  every  mile  df  its  onward  course,  but  more  and 
more  of  its  superficial  moraines  would  be  engulfed  by  crevasses  or 
}n«i({t;M,  and  be  added  to  the  grinding  material  below.  That  this  was 
so  is  proved  by  the  great  quantity  of  stones  aud  grit  in  the  "till," 
which  is  thought  by  Prof.  James  Geikie  to  consist,  on  tbe  average,  of 
as  much  stony  matter  as  clay,  sometimes  one  material  jtreiMindeiating, 
sometimes  the  otlier.  The  same  thing  is  indicat^-d  by  the  enormous 
amount  of  dt'bris  often  found  on  the  lower  parts  of  large  glaciers. 
The  end  of  the  great  Tasman  glacier  in  New  Zealand  is  thus  com- 
pletely hidden  tor  5  miles,  and  most  of  the  other  glat'iei's  descending 
fi'om  Mount  Cook  have  their  extremities  similarly  Imried  in  dt^bris. 
Dr.  Diener  found  the  Milam  glacier  in  the  Central  Himalayas  com- 
pletely co\'ered  with  moraine  nibbish;  and  Mr.  W.  M.  Conway  states 
that  the  lowest  20  miles  of  the  Ilispar  glacier  (40  miles  long)  are 
"entirely  covered  with  a  mantle  of  moraine."  If  these  glaciers 
extended  to  over  lOU  miles  long,  as  did  the  Khone  glacier  when  it 
reached  the  lake  of  Geneva,  much  of  this  debris  would  pmbubly  have 
found  its  way  to  the  bottom,  and  thus  supply  the  necessary  grinding 
material  and  the  abundant  stones  of  the  "till"  found  everywhere  in 
the  tracks  of  the  old  glaciers. 

Again,  although  ice  is  viscous  and  can  slowly  change  its  shape  to 
almost  any  extent,  yet  it  takes  a  considerable  time  to  adapt  itself  to 
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continually  changing  outlines  of  the  valley  Imttom.  Hence,  where 
great  iuequalities  occur  i)Ortioii»  of  the  rocky  floor  might  be  bndgetl 
ovw  for  a  considerable  space,  and  wliere  a  valley  had  a  narrow 
V-nhaped  bottom  the  snb-glacial  stream  might  cat  away  so  much  of 
the  ico  that  the  glacier  might  rest  wholly  on  the  lateral  slopes,  and 
hardly  tom-li  the  bottom  at  all.  On  a  tolerably  wide  and  level  valley 
bottom,  howevcir,  the  ice  wonid  press  with  its  fullest  intensity,  and 
its  amiatTire  of  densely  packed  stones  and  Tw\i  fragments  would 
groove  and  grind  the  rocky  floor  over  every  foot  of  its  surface,  and 
with  a  rate  of  motion  perhaps  greater  than  that  of  the  existing  Oreen- 
land  and  Alaskan  glaciers,  owing  to  the  more  southern  latitude  and 
therefore  higher  mean  tem|>erature  of  the  soil  and  the  ice.  At  the  siime 
time  sub-glacial  streams,  forced  onward  under  great  hydrostatic  pres- 
sure, would  insinuate  themselves  into  every  vacant  groove  and  furrow 
as  each  graving  tool  successively  passed  on  and  the  one  behind  it  took 
a  slightly  different  position;  and  thus  the  glacial  nnid,  the  product  of 
the  erosion,  wouhl  be  continually  washe<l  away,  finally  escaping  at  the 
lower  extremity  of  the  glacier,  or  in  some  cases  getting  embayed  iu 
rocky  hollows  where  it  might  remain  permanently  as  masses  of  clayey 
"  till,"  packed  with  stones  and  compressed  by  the  weight  of  tlie  ice  to 
the  hardness  of  rock  itself.  The  i^ontinual  lubrication  of  the  whole 
valley  floor  by  water  forced  ouward  under  pressure,  together  with  the 
ever  changing  form  of  the  under  surface  of  the  glacier  as  it  slowly 
molded  itself  to  the  varying  contours  of  the  rocks  benesith,  would 
greatly  faitilitate  the  onward  motion.  Owing  to  the.se  changes  of  form 
and  the  great  upward  pressure  of  the  water  in  all  the  hollows  to  which 
it  gained  access,  it  seems  probable  that  at  any  one  time  not  more  than 
half  the  entire  bottom  surface  of  the  glacier  woiihl  be  in  actnal  contact 
with  the  rock,  thus  greatly  reducing  the  friction;  while, as  the  process 
of  erosion  went  on,  the  rock  surfaces  would  become  continually  smoother 
and  the  inequalities  less  prononnced,  so  that  even  when  a  rock  basin 
ha<1  been  ground  out  to  a  considerable  depth  the  onward  motion  might 
be  almost  as  great  as  at  the  beginning  of  the  process.     -     ■     - 

3.  Objections  of  modem  writers  considered. — Prof.  Bonney  and  many 
other  writers  ask  why  lakes  are  so  few,  though  all  the  chief  valleys  of 
the  Alps  were  filled  with  ice;  and  wliy,  for  instance,  there  is  no  great 
lake  ill  the  Dora  Baltcni  Valley  whose  glacier  produced  thegreat  moraines 
of  Ivrea  opposite  its  outlet  into  the  plains  of  Italy,  and  which  form 
a  chain  of  hills  15  miles  long  and  1,500  feet  hight  The  answer,  in  the 
case  of  the  Dora  Baltea,  is  not  difficult,  since  it  almost  certainly  has 
had  a  series  of  lake  basins  at  Aosta,  Verre.\,  and  other  places  where 
the  broad  level  valley  is  now  filled  with  alluvial  gravel.  But  the  more 
important  point  is  tlie  extreme  narrowness  of  the  lower  part  of  the  val- 
ley above  Donnas  and  again  near  its  entrance  into  the  valley  of  the 
Po.  The  effect  of  this  would  be  that  the  great  glacier,  probably  2,(KMt 
feet  thick  or  more,  would  move  rapidly  in  its  upper  layers,  carrying  out 
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lifud  111  KUtutv-  uiid  <l<'iiris  t«  t'onu  tbf  Termiiuil  tuoraine,  while  the 
»n-<  mraiu  i;lM»kt-ci  m  lli*-  dt'tiW.  w«uld  move  veri"  slowly.  And  onoe 
ii  III  tti>-o|tt-ii  vallfv  (if  tb<'  Po,  titeii  a  ffreat  inlet  of  the  warm  Medi- 
1 1  aii>^u  fi«i.  tlif  iw  would  rajtidtv  meh  »waj"  iii  the  water  and  in  tlie 
Hill   imiiNi  utiu(H4)>li4T<-.  aiitl  tliereti>rf  Lavt>  no  tendency  to  erode  a 

4,  //w  uU'iHHiirr  tiwi'rp  nitd  itn  difiirtiHii-s. — There  if  reaDy  only  one 
i4-iiiiiij\t'  llioury  U>  I  but  o1  kh-  eroKiitu  for  tltc  ortpu  of  the  clasftof 
Wif  wt'  liave  bts4;ii  diHcuKsiu^.  viz.  that  tlicy  wart- fonned  before  tlie 
x'l.il  i'i>iM'li.  by  euiXb-muveiueiitR  of  tlir  hmuc  nature  tts  tboee  which 
I  <  oiiM'i  iii'd  111  iiiuuiitHiu  fomiutioti :  tliat  is.  Ity  lateral  preasnTe  <-ao»- 
^  lu'.'i.  111  ili'Miii'd  uf  tbe  Burfaoe,  and  wlntre  Rucb  flesnrea  ootMured 
,.,  ,  ,1  .,ilU\N  »  lakf  Wduld  be  tlie  result.  -  -  - 
J  I,.,  ilii^^i.v  i(^  put  tbi-H'ui'd  with  tid  iiiucli  coiitidMiee,  and  by  fieolo- 
. .  .,t  ,.111  li  lii;/li  re|.iitali(iii.  J  fee!  iHiniid  to  devote  ««ne  8|tare  to  its 
<  <  I  ,1  '>>!   iiiid  nliiitl.  1  tbiiik.  lie  aide  to  ftbow  tbst  it  bra^s  down 

.    I.I  )   |il.r'j-.  il  diH-K  iKit  at1eni)it    to  eY]ilain   that  wonderfii) 

.    ..  .,(  .,ill<>  l.iken  lioiii  ill!  lbeiiiouiitanii-«-<;ioiitioftbewnrld€Ece[»t 

.    ,  .  .' \.   Ii.ivi'  b«-<-ii  lii;;bly  {.'liwiated-     Ii  is  no  donl>t  trne   that 

,^.,1    iiiii'    llu' l^iKi'i^   steie  tilled  witb  ii-e  instead  of  water  they 

.     .  ,..!  ■<  I  v"l  1 1  "III  lilliii;!  u|>  by  tbe  iiitlax  of  sediment;  and  this 

^     .    t  .,\ ,  ,  i  . until  u»  M  leaKou   wby  lakec  of  Ibis  clans  Ktaonld  be 

1  ,1,1:11  iHiiiii'ioiin  111  j^liMldted  ie;:ioiiK,  but  it  does  not  m  any 

^  I,  11,111   I'fUil  iil»M-ij«f  el<»ewbere.     We  are  asked  to  beheve 

,  I  ■  ,.-,'t  iiiiMiiilJiili'ly  jiiei-ediu;:  tbe  frl^<'-ii*J  e}»ocli — say,  in  tbe 

I        .,,,,.  1  Kill      I'lH'i  Ii  iDovemeittx  of  a  nature  to  produce  deep 

,,,.]   ,,•  i-vi^iy   tiiuiiiilajn  i-uiige  witbout  ex<*e)iti(Hi  that  was 

I  i.(  i-iM-M- t(''<i'ii'tioii.  and  Dol  only  KO,  bat  oocoired 

i.i  ...'  I,  i.iii(/i*,  iin  ill  tbe  Alps,  or  all  round  a  mountain 
,,,  •   i,   i.i'i.   •Ii.-iiii  I,  ur  ill  every  l>att  of  a  eomples  moantaia 

,,  .-.  .,11....'!  iiiiiii  ilie  (''rilli  of  Clyde  to  tbe  extreme  north 

;  ,. ,1.  J  l.ii.iinl  |fi'iiiHlof geitlopeal  time.     Wearefurther 

I  ii  1 1:1    I   ii:..i  iii>iiii(i  Mic  wliitle  (leriod,  fnmi  tbe  oommencement 

11,1  ,,  I  ..^<   III  <;.,i  ii.,>,  i-in  II  I'liilli  iiioveiiieiitR  haveiieverprodm-ed  a 

.  :;i |i  ui  ..'III  >  1.1  J' IB  111  iiii.v  one  of  tbe  e'lUutleRsmioaiitain  ranees 

jij  i,,li;,  i.  .Kill.- iJii>.iij.iiMiii  ibe  wliob-of  tbe  verymncbmoreextensive 
iii;;l.M  i.iiiii  ii  ^  Jul  IP  111  III)-  (/liilie,  TliJH  nppi'arn  to  me  to  be  simply 
riiiliMi,  'J  III' Hilly  u.i>  III  (ji-l  ovi'i'llie  difiieulty  is  to  siip)Mise  that 
rill  iiiiiM'iiii'iiir' III  llll.^  iMiiiii'  iH-i'MiTeil  only  at  that  one  period,  ju«t 
■line  llir  ii c  nfj.!-  r.iiiii'  on,  iiriil  iliiit  tbe  laken  produeed  by  them  in  all 
lii'i' I'l'^inii.s  iMve  .Ntitre  li.iii  lllli'il  up.  Bui  JK  there  any  evidence  of 
ii.-<f  AijilKtil  )U'iiImI>|i-  iIi.iI  nil  lakeH  mh  prtMliieed  in  Iiou-Kliwsiated 
<:]iijis,  liiiMi'vi'i  l;ii(i<'  mill  deep  I  bey  iiiit;bt  lie,  and  however  little 
dijiieut  wiL>  .Nijifil  iliiwii  li>  tlii-jr  iiillowint:  Ktreauis,  sboiild  yet  all 
'    'ipjR-ai  I'd .  Tliellic'iiiy  iif  (be  lue^'bieiitloritjtn  of  these  lakes  thus 
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rests  u[>on  a  series  of  hij^hly  improbable  supimsttioDs  eutirely  miHup- 
ported  by  any  api>ual  to  facts.  Tlieie  i.s  however  another  difficulty 
wliich  is  perliaps  even  greater  tliaii  those  just  considered.  Wliatever 
may  be  the  citnses  of  thft  compression,  elevatlou,  folding,  and  other  earth 
movements  which  have  IhI  to  the  forinatiou  of  mountain  maRses,  there 
can  be  no  doubt  that  they  have  operated  with  extreme  slowness;  and 
all  the  evidence  we  have  of  surface  movements  now  going  on  show  that 
they  are  so  slow  as  to  be  detected  oidy  by  careful  and  lonjr-continued 
observatmns.  On  the  other  hand,  the  action  of  rivers  in  cutting  down 
rooky  barriers  is  comparatively  rapid,  esi^ecially  when,  as  in  all  moun- 
tainous countries,  they  carry  in  their  waters  large  quantities  of  sediment, 
and  during  floods  bringdown  also  almndance  of  sand,  gravel,  and  large 
stones.     -     ■     - 

It  is  in  fact  only  on  account  of  this  powerful  agency  that  we  do  not 
find  valley  lakes  abounding  in  every  mountainous  country,  since  it  is 
quite  certain  that  earth-movements  of  various  kinds  must  have  been 
continually  taking  place.  But  if  rivers  have  always  been  able  to  keep 
their  channels  clear,  during  such  movements,  among  the  mountains  of 
the  tropics  and  of  all  warm  countries,  some  reason  must  be  found  (or 
their  inability  to  do  so  in  the  Alps  and  in  Scotland,  in  Cumberland, 
Wales,  and  southern  New  Zealand;  and  as  no  reason  isalleged,  orany 
proof  offered,  that  sufHciently  rapid  and  extensive  eaith-movements 
actually  did  occur  in  the  sub  alpme  valleys  of  these  countries,  we  must 
decline  to  accept  such  a  hypothetical  and  unsatisfactory  explana- 
tion.    -     -     ■ 

5.  The  contours  and  outline*  of  the  lakes  indicate  erosion  rather  than 
submergence. — While  collecting  facts  for  the  present  articles  it  occurred 
to  me  that  the  rival  theories  of  lake  formation — enision  and  submerg- 
ence—were so  different  in  their  mode  of  action  that  they  ought  to  pro- 
duf^c  some  marked  difference  in  the  result.  There  must  be  some  criteria 
by  which  t«i  distinguish  the  two  modes  of  origin.  Under  any  system  of 
earth -movements  a  valley  bottom  will  simply  become  submerged,  and  be 
hardly  more  alterad  than  if  it  had  been  converted  into  a  lake  by  build- 
ing an  artificial  dam  in  a  convenient  situation.  We  should  find  there- 
fore merely  a  submerged  valley  with  all  its  usual  peculiarities.  If 
however  the  lake  baaiii  has  been  formed  by  glacial  erosion,  then  some 
of  the  special  valley  features  will  have  been  dcstroye*!,  and  we  shall 
have  a  distinct  set  of  characters  which  will  be  tolerably  constant  in  all 
lakes  so  formed.  Now  I  find  that  there  are  three  such  criteria  by  which 
we  ought  to  be  able  to  distinguish  the  two  classes  of  lakes,  and  the 
application  of  these  tests  serves  to  show  that  most  of  the  valley  lakes 
of  glaciated  countries  were  not  formed  by  submergence. 

The  first  point  ts  that  valleys  in  mountainous  countries  often  have  the 
river  channel  forming  a  ravine  for  a  few  miles,  aft-erward  ojwning  out 
Into  a  flat  valley,  and  then  again  closing,  while  at  an  elevation  of  a 
hundred  or  a  few  hundred  feet,  at  the  level  of  the  top  of  the  ravine, 
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tli<>  vii])«y  walls  Bl»i>e(l  back  on  each  side,  perhaps  to  bu  again  flaoked 
by  piet^'i pices.  Nuw,  if  siicli  n  vulley  were  converted  into  n  deep  lake 
by  any  form  of  subsidence,  these  ravines  would  remaiu  under  water 
8ud  tbrni  submerged  river  channels.  But  neither  in  the  lakes,  which 
have  been  surveyed  by  tlie  Swiss  Government,  nor  in  the  Atlas  des 
Lacs  Fiancaises  of  M.  Delebec<)ue,  nor  in  those  of  the  German  Alps 
by  Dr.  Alois  Geistbeck,  nor  in  the  lakes  of  our  own  country,  can  I  find 
any  indications  of  such  submerged  river  channels  or  ravines,  or  any 
other  of  the  varied  rock  features  that  so  often  occur  in  valleys.  Almost 
all  these  lakes  present  rather  steeply  sloping  sides  with  broad,  rounded, 
or  nearly  level  bottoms  of  sancer  sliaiie,  such  as  are  certainly  not 
characteristic  of  snb-aerial  valley  bottoms,  bnt  which  are  exacttly  what 
we  might  expect  as  the  ultimate  result  of  thousands  of  years  of  inces- 
sant ice  grinding.  The  point  is,  not  that  the  lake  bottoms  may  not  in 
a  few  cases  lepresent  tlie  contours  of  a  valley,  but  that  they  never 
present  peculiarities  of  contour  which  are  not  unfrequent  iu  mountain 
valleys,  aud  never  show  submerged  ravines  or  those  jutting  rocky  pro- 
montories which  are  so  conmioa  a  feature  in  hilly  districts. 

The  next  point  is,  that  alpine  lake  bottoms,  whether  large  or  small, 
frequently  consist  of  two  or  more  distnict  basins,  a  feature  which  could 
not  occur  in  lakes  due  to  submergence  unless  there  were  two  or  more 
points  of  flexure  for  each  depression,  a  thing  highly  improbable  even 
in  the  larger  lakes  and  almost  impossible  in  the  smaller.  Flexures  of 
almost  any  degree  of  curvature  are  no  doubt  found  iu  the  rocks  form- 
ing mouutahi  chains;  but  these  dexures  have  been  produced  deep 
down  under  enormous  pressure  of  overlying  strata,  whereas  the  surface 
beds  which  are  supposed  to  have  been  moved  to  cause  lakes  are  free  to 
take  any  upward  or  downward  curves,  and  as  the  source  of  motiou  is 
certainly  deep-seated  those  curves  will  u.-*HalIy  be  of  very  gradual  cur- 
vature. 'Yet  in  the  small  lake  of  Annecy  there  are  two  separate 
basins;  iu  Lake  Boui'get  also  two; in  the  smalllakeof  Aiguebcllette, in 
Savoy,  there  are  three  distinct  basins  of  very  different  depths;  and  in 
the  Lac  de  St.  Point,  about  i  miles  long,  there  are  also  three  separate  fiat 
basins.    Iti  Switzerland  the  same  phenomenon  is  often  found. 

The  exceedingly  irregular  Lake  of  Lucerne,  formed  by  the  couHuence 
of  many  valleys  meeting  at  various  angles  hemmed  in  by  i)recipitou8 
mountains,  has  eight  distinct  basins,  mostly  sepanited  by  shallows  at 
the  narrow  openings  between  opimsing  mountain  ridges.  This  is 
exactly  what  would  result  from  glacier  iu-tion,  the  grinding  power  of 
which  must  always  be  at  a  maximum  in  the  wider  parts  of  valleys, 
where  the  weight  of  the  ice  could  exert  its  full  force  and  the  motion  be 
least  impeded.  On  the  subsidence  or  curvature  theory,  however,  there 
is  no  reason  why  the  greatest  depth  should  occur  in  one  part  rather 
than  in  another,  while  separate  basins  in  the  variously  diverging  arms 
"  one  lake  seem  most  improbable.     -    -     ■ 

le  third  [>oiut  of  difference  between  lakes  of  erosion  and  those  of 
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submersion  is  the  most  ini|>ortaiit  and  the  mu»t  <listhictiv«,  and  fur- 
nishes, I  think,  what  may  be  termed  a  diagnoiiis  character  of  hikes  of 
erosion.  In  most  river  valleys  throngb  a  hilly  or  mountainous  country 
outside  of  the  glaciated  districts,  the  tributary  streams  entering  more 
or  less  at  right  angles  to  the  main  valley  are  seen  to  occupy  small  val- 
leys of  their  own.  wbicb  usually  open  out  for  a  short  diatancit  at  the 
same  level  before  joining  the  main  valley.  Of  course  tlii'ii;  are  also 
torrents  which  rush  down  steep  mouutaiu  slopes  directly  to  tbe  mam 
river,  but  even  these  have  usually  cut  ravines  more  or  les.s  dee|ily  into 
the  rock.  Now  if  in  such  a  valley  we  could  mark  out  a  contour  line 
200,  300,  or  500  feet  above  tbe  level  of  the  main  stream,  «e  should  see 
that  line  continually  turning  up  each  side  valley  or  ravine  till  it  reached 
the  given  level  at  which  to  cross  the  tributary  stream,  and  then  turn- 
ing back  to  tlie  main  valley.  Tbe  contour  line  would  thus  form  a  series 
of  notches  or  loops  of  greater  or  less  depth  at  every  tributary  stream 
with  its  entering  valley  or  deeply  cut  ravine,  and  if  tbe  main  valley 
were  filled  with  water  this  line  would  mark  out  the  margin  of  the  lake. 
As  an  illustration  of  this  feature  we  may  take  the  southwest  coawt  of 
England,  which  has  never  been  glaciated,  but  which  has  undergone  a 
slight  recent  subsidence  as  indicatetl  by  the  submerged  forests  which 
occur  at  several  places.  The  result  of  this  submergence  is  that  the 
lower  parta  of  its  larger  river  valleys  have  been  converted  into  inland 
tidul  Iake»,  sncb  as  Poole  Harbor,  Dartmouth  Harbor,  Kingsbridge 
River,  Plymouth  and  Devonport  Harbors,  and  Carrick  Itoad  above 
Falmouth.  The  Dart  Uiver  is  an  excellent  example  of  such  a  sub- 
merged valley,  and  its  outline  at  high-water  mark  is  shown  at  (3)  on  tbe 
accompanying  illustration  (Plate  XV),  where  the  characteristic  outline 
of  such  a  valley  is  wgll  indicated,  the  water  running  up  every  tributary 
stream  as  described  above.  The  lower  section  (4)  shows  the  same  fea- 
ture by  means  of  a  map  of  the  River  Tweed,  near  Peebles,  with  tlie  700 
feet  contour  line  marked  on  it  by  a  dotted  line."  If  the  valley  were 
submerged  to  this  depth  the  dotted  lin£  would  mark  the  outline  of  a 
lake,  with  arms  runniug  up  every  tributary  stream  just  as  in  the  case 
of  the  river  Dart.  Although  situated  in  a  glaciated  district  the  val- 
ley here  is  postglacial,  all  the  old  river  channels  being  deeply  buried 
in  drift. 

II  we  now  turn  to  the  valley  lakes  in  glaciated  districts  we  shall  find 
that  they  have  a  very  difierent  contour,  as  shown  by  the  two  upiier 
outline  maps  on  Plate  xv;  (1)  showing  tbe  upper  part  of  Ullswatfr 
on  a  scale  of  1  mile  to  an  inch,  as  in  the  Dart  and  Tweed  maps,  and 
(3)  showing  the  upper  part  of  Lake  Corao,  taken  from  the  Alpine  Club 
map,  ou  a  scale  of  4  miles  to  an  inch.  In  both  of  these  it  will  be  seen 
that  the  water  never  forms  inlets  up  the  inflowing  streams,  but  all  of 
these  without  exception  form  an  even  junction  with  the  lake  margin, 

■  (,'opicil  from  a  portion  of  the  uiap  nt  p.  HI  of  Ceikie'ti  (Ireal  Ice  Age,  taken  IVoin 
tbe  OrdnHDce  Survey  Mitp.  ^-~  > 
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just  as  tliey  wuuld  do  if  fluwiufr  into  a  river.  Exactly  tbe  t:ame  feature 
18  present  in  the  lower  portions  of  these  two  lakes,  and  it  is  equally  a 
characteristic  of  every  lake  in  the  lake  district,  iiud  of  all  the  Swiss 
and  Italian  lakes.  On  looking  at  the  maps  of  any  of  these  lakes  one 
can  not  bnt  »ee  that  the  hike  aur/ace,  not  the  lake  bottom,  represents 
a])proximate1y  the  level  of  the  pre-glacial  valley,  aud  that  the  lateral 
streams  and  torrents  enter  the  lake  in  the  way  they  do  hceause  they 
could  only  erode  their  channels  down  to  the  level  of  the  old  valley 
before  the  ice  overwhelmed  it.  Of  course  this  rule  does  not  apply  to 
liirge  tributary  valleys  carrying  separate  glaciei's,  sinc-e  these  woahl 
be  eroded  by  the  ice  almost  as  deeply  as  th<^  inaiD  valley.     -    -     ■ 

The  Ijaleeof  Genera  as  a  texl  of  the  rival  theories. — Wheu  I  recently 
began  to  study  this  (piestion  anew  I  was  inclined  to  think  that  the 
largest  aud  deepest  of  the  Alpine  lakes,  such  as  Geneva,  Constance, 
Lago  Maggiore,  and  Lago  di  Garda,  might  perha|is  have  originated 
fi'om  a  combination  of  earth  movements  with  ice  erosion.  But  on  fur- 
ther consideration  it  appears  that  all  the  characteristic  features  of  ero- 
sion are  present  in  theseas  fully  as  in  the  smaller  lakes.  The;  are  situ- 
ated iu  the  largest  river  valleys  or  in  positions  of  greatest  concentra- 
tion of  the  glacier  streams;  thoir  contours  and  outlines  are  those  of 
enHled  bsisins;  while  all  the  difflculties  in  the  way  of  an  origin  by 
earth  movements  are  as  prominent  in  their  ease  as  in  that  of  any 
other  of  the  lakes.  I  will  therefore  discuss,  first,  some  of  the  chief 
objections  to  the  erosion  theory  as  applied  to  the  ahove-uamed  lake, 
and  then  consider  the  only  alternative  theory  that  has  obtained  the 
acceptance  of  modern  writers. 

One  of  the  first  objections  made  was  that  the  lake  did  not  lie  in  tbe 
direction  of  the  greatest  action  of  the  glacier,  which  was  straight 
across  to  the  Jura,  where  the  highest  erratic  blocks  are  found.  This 
was  urged  by  Sir  Charles  Lyell  immediately  after  liamsay's  paper  was 
read,  and  as  it  has  (piite  recently  been  put  forth  by  Prof.  Bonney,  it 
wonld  appear  to  be  thought  to  be  a  real  dilliciilty.  Yet  a  little  consid- 
eration will  show  that  it  has  not  the  slighttrst  weight.  Ko  lake  was 
erodefl  in  the  line  of  motion  of  the  central  and  highest  part  of  tbe  old 
glacier,  because  that  tine  was  over  an  elevated  and  hilly  plateau,  which 
ia  even  now  fi-om  5<)0  to  1,000  feet  above  the  hike,  and  was  then  still 
higher,  since  the  ice  sheet  certainly  effected  some  erosion.  The  great- 
est amount  of  erosion  was  of  course  in  the  broad  and  nearly  level 
valley  of  the  preghtcial  Rhone,  which  fuUowed  the  great  curve  of  the 
existing  lake,  and  htwl  produced  si)  open  a  valley  beeauae  the  rocks  in 
that  direction  were  easily  deniuletl.  Objectors  invariably  forget  or  over- 
look the  indisputable  ftict  that  the  existence  of  a  broad,  open,  flat-bot- 
tomed valley  iu  an-  "  river's  course  proves  that  the  rocks  were 
there  either  softer  ''Ic,  or  more  soluble,  or,  by  some  conibi- 
ation  of  charact  '  denuded.  A  number  of  favorable 
^nditions  were  c  ier  ice  erosion  easy  in  such  a  valley. 

r  ■,:;;.  ..Google 
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The  rock  wa«,  an  webave  sliowii,  more  easy  to  erode;  owing  to  tho  low 
level  tbe  ice  was  tbicker  and  bad  greater  weigbt  tbere  than  elsewliere; 
owing  to  the  flatness  and  openness  of  the  valley  tbe  ice  moved  more 
freely  tbere ;  owing  to  tbe  long  previous  course  of  the  glacier  its  under 
surface  would  be  heavily  loaded  with  roi^k  and  grit,  which,  during  its 
whole  course,  would,  by  mere  gravitation,  have  been  slowly  working  its 
way  downwanl  to  the  lowest  level;  and,  lastly,  all  the  sub-glacial  tor- 
rents would  accumulate  in  tbia  lowest  valley,  and  as  eroMon  went  on 
would,  under  great  hydrostatic  pressure,  wash  away  all  tbe  ground-out 
material,  and  so  faeilitate  erosion. 

Another  objection  almost  equally  beside  tbe  real  question  is  to  ask 
why  the  deeiiest  part  of  tbe  lake  is  near  tbe  south  or  convex  side, 
whereas  a  stream  of  water  always  exerts  most  erosive  force  against  the 
concave  side.'  Tbe  answer  is,  that  ice  is  not  water,  and  that  it  moves 
so  slowly  as  to  act,  in  many  respects,  in  quite  a  difl'erent  manner.  Its 
gi-eatest  action  is  where  it  is  deejiest,  in  the  middle  of  the  ive  stream, 
while  water  acts  least  where  it  is  deejiest,  and  more  forcibly  at  tbe  side 
than  in  the  middle.  The  lake  is  no  doubt  deepest  in  the  line  of  the 
old  river,  where  tbe  valley  was  lowest;  and  ttiat  may  well  have  been 
nearer  the  soutbcro  than  tbe  northern  side  of  the  take. 

Another  frcquently-urtred  objection  is,  that  as  tbe  glacier  has  not 
widened  tbe  narrow  valley  from  Martigny  to  Bex  it  could  not  have 
eroded  a  lake  nearly  a  thousand  feet  deep.  This  seema  to  me  a  com- 
plete non  sequitur.  As  a  glacier  erodes  mainly  by  its  vertical  ]iressure 
and  by  the  completenessof  its  grinding  armature  of  rock,  it  is  clear  that 
its  grinding  jMiwer  laterally  must  have  been  very  much  less  than  verti- 
cally, both  on  account  of  the  smaller  pressure  because  it  would  mold 
itself  less  closely  to  the  evervurying  rocky  protuberances,  and  mainly, 
perhaps,  because  at  tbe  almost  vertical  sides  of  the  valley  it  would 
have  a  very  small  stony  armature,  tbe  blocks  continually  working  their 
way  downward  to  the  bottom,  Tims,  much  of  tbe  ice  in  contact  with 
the  sides  of  narrow  ravines  might  be  fi-ee  of  stones,  and  wtmid  there 
fore  exert  hardly  any  grinding  power.  It  is  also  ijuitecertain  that  tie 
ice  ill  this  narrow  valley  rose  to  an  euormons  height,  and  that  the 
chief  motion  and  also  the  chief  erosion  would  be  on  the  lateral  slopes^ 
while  the  lower  strata,  wedged  in  the  gorge,  would  be  almost  station- 
ary. 

Tbe  most  recent  researches,  according  to  M,  Falsan,  show  that  the 
thickness  of  tbe  ice  has  been  usually  under-estimated.  A  terminal 
moraine  on  tbe  Jura  at  Obasseron  is  4,004>  feet  above  the  sea,  or  2,770 
feet  above  Geneva.  In  order  that  the  upper  surface  of  the  ice  should 
have  bad  sufficient  incline  to  tlow  onward  as  it  did  it  was  probably 
5,000  or  C,000  feet  thick  below  Martigny  and  4,000  or  5,0U0  feet  over 
tbe  middle  of  tbe  luke.     It  is  certain,  at  all  events,  that  whatever 

*  Falnaii,  La  I'eriode  illaciaire,  \i.  153.     Fiibre,  Drigiat  dti  Laa  Alpiiis,  p.  4. 
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tbickite»a  was  necessary  to  cause  onward  uiotinD  tliat  thickness  could 
not  fail  td  be  produced,  since  it  is  onJy  by  tlie  onward  motion  to  some 
outlet  01'  lowland  wbere  the  ice  vnn  be  melted  away  as  fast  as  it  is 
renewed  that  iudeHuitecnlargeoient  of  a  glacier  is  avoided.  The  essen- 
tial condition  for  the  formation  ofa  glacier  at  all  is  that  more  ice  should 
be  produced  annually  than  ia  melted  away.  So  long  as  the  quantity 
prodnccfL  is  on  the  average  more  than  that  melted,  the  glaciers  will 
incroasc;  and  as  the  more  extended  surface  of  ice,  up  to  a  certain  point, 
by  forming  a  refrigerator,  helps  its  own  extension,  a  very  small  perma- 
nent annual  surplus  may  lead  to  an  enormous  extension  of  the  ice 
Hence,  if  at  any  stage  in  its  development  the  end  of  a  glacier  remains 
stationary,  either  owing  to  some  obstacle  in  its  path  or  to  its  having 
reached  a  level  plain  wliere  it  is  unable  to  move  onward,  the  annual 
surplus  of  ico  proiliu-ed  will  go  to  increase  the  thickness  of  the  glacier 
and  its  upper  slope  till  motion  U  produced.  The  ice  then  flows  onward 
till  it  reaches  a  district  warm  enough  to  bring  about  an  equilibrium 
between  growth  and  dissolution.  If,  therefore,  at  any  stage  in  the 
growth  of  a  glaciei',  a  thickness  of  6,000,  7,000,  or  even  8,000  feet  is 
needed  to  bring  about  this  result,  that  thickness  will  inevitably  be 
produced    -    -    - 

In  view  therefore  of  the  admitted  facts,  all  the  objections  alleged 
by  the  best  author itie.s  are  entirely  wanting  in  real  force  or  validity; 
wbUe  the  enormous  size  and  weightof  the  glacier  and  its  long  duration, 
as  indicated  by  the  great  distance  to  which  it  extended  beyond  the  site 
of  the  lake,  render  the  excavation  by  it  of  such  a  basin  as  easy  to  con- 
ceive as  the  grinding  outof  asmall  alpine  tarn  byic^  not  one-fourth  as 
thick,  and  in  a  situation  where  the  grinding  material  in  its  lower  strata 
would  probably  be  comparatively  scanty. 

We  have  now  to  consider  the  theory  of  Desor,  adopted  by  M.  Favre, 
and  set  forth  in  the  recCTit  work  of  M.  Falsan  as  being  "more  precise 
and  more  sicceptable"  than  that  of  Ramsay.  We  are  first  made 
ac<iuainted  with  a  fact  which  I  have  not  yet  alluded  to,  and  which 
most  writers  on  the  subject  cither  fail  to  notice  or  attempt  to  explain 
by  theories,  as  compared  with  which  that  of  Kanisay  is  simple,  proba- 
ble, and  easy  of  comprehension.  Tins  fact  is,  that  around  Geneva  at 
the  outlet  of  the  lake,  as  well  as  at  the  outlets  of  the  other  great  lakes, 
there  is  spread  out  an  old  allHviitm  which  is  always  found  unilemeatk 
the  bowlder  clay  nud  other  tjlac'utl  depoiiU.  This  alluvium  is  moreover 
admitteil  to  lie  formed  in  every  case  of  materials  largely  derived  from 
the  great  Alpine  range.  Xow  here  is  a  fact  which  of  itself  amounts  to 
a  demonstration  that  tlie  lakosrftrf  not  crixt  before  the  ice  age;  because, 
in  that  case  all  the  Alpine  dc'bris  would  be  intercepted  by  tbe  lake 
( as  it  is  now  intercepted )  and  tlie  alluvium  below  the  glacial  de|>03its 
would  be,  in  the  case  of  <>eueva,  that  formed  by  the  wstsh  from  the 
attjacent  slopes  of  the  Jura,  while  in  every  case  it  would  be  local  not 
Alpine  alluvium.    ■    -    - 
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Summary  of  the  evidence. — As  the  subject  hero  discussed  is  very 
comples,  and  tlie  arguinont  essentially  a  cuiuulative  one,  it  will  be  well 
briefly  to  sumiuarizo  its  innio  jKiints. 

In  the  first  place,  it  lias  been  shown  that  the  valley  lakes  of  highly 
glaciated  districts  form  a  distinct  class,  which  are  highly  characteristic, 
if  not  altogether  peculiar,  since  iit  none  of  the  inonntniu  ranges  of 
the  tropics  or  of  non-glaciated  regions  over  the  whole  worid  are  any 
similar  lakes  to  be  found. 

The  special  conditions  favorable  to  tbo  erosion  of  lake  basins  and 
the  mode  of  action  of  the  ice  tool  are  then  discussed,  and  it  is  shown 
that  these  conditions  bave  been  either  overlooked  or  ignored  by  the 
opponents  of  the  theory  of  ice  erosion. 

The  objections  of  modern  writers  are  then  considered,  and  they  are 
shown  to  be  founded  either  on  mistaken  ideas  as  to  the  mode  of  erosion 
by  glaciers,  or  on  not  taking  into  account  results  of  glacieration  which 
they  themselves  either  admit  or  have  not  attempted  to  disprove. 

The  alternative  theory — that  earth -movements  of  various  kinds  led 
to  the  production  of  lake  basins  in  all  niountidn  range,  and  that  those 
in  glaciated  regions  were  preserved  by  being  filled  with  ice — is  shown 
to  be  beset  with  numerous  difliculties,  physical,  geological,  and  geo- 
graphical, which  its  supi>orters  have  not  attempted  toovercome.  Itis 
also  pointed  out  that  this  theory  in  no  way  explains  the  occurrence  of 
the  largest  and  deepest  lakes  in  the  large.st  river  valleys,  or  in  those 
valleys  where  there  was  the  greatest  concentration  of  glaciers,  a  pecu- 
liarity of  their  distribution  which  jwints  directly  and  unmistakably  to 
ice  erosion. 

A  crucial  test  of  the  two  theories  is  then  suggested,  and  it  is  shown 
that  both  the  subaqueous  contours  of  the  lake  basins,  and  the  super- 
ficial outlines  of  the  lakes,  are  exactly  such  as  would  be  produced  by 
ice  erosion,  while  they  could  not  possibly  have  been  caused  by  sub- 
mergence due  to  any  form  of  earth  movements.  It  is  submitted  that 
we  have  here  a  positive  criterion,  now  adduced  for  the  first  time,  which 
is  absolutely  fatal  to  any  theory  of  submersion. 

Lastly,  the  special  case  of  the  Lake  of  Geneva  is  discussed,  and  it  is 
shown  thai,  the  explanation  put  forth  by  the  auti-glacialists  is  wholly 
unsupported  by  facts  and  isopiwsed  to  the  known  laws  of  glacier  motion. 
The  geologists  who  support  it  themselves  furnish  evidence  against  their 
own  theory  in  the  ancient  alluvium  at  Geneva  on  which  the  glacial 
deiwsits  rest,  and  which  is  admitted  to  be  mainly  derived  from  the 
distant  Alps.  But  as  all  alluvial  matter  is  necessarily  intercepted  by 
large  and  deep  lakes,  the  presence  of  this  Alpine  alluvium  immediately 
beneath  the  glacial  debris  at  the  foot  of  the  lake  indicates  that  the 
lake  did  not  exist  in  preglacial  times,  but  that  the  river  Blione  flowc'd 
from  the  Alps  to  Geneva,  carry  with  it  the  old  alluvium,  consisting  of 
mud,  sand,  and  gravel,  which  it  had  hnrnglit  down  from  the  mountains. 
Still  more  conclusive  however  is  tiie  fact  that  tbo  three  special  featUfW 


302  OEOLOOIC   TIME. 

niimerous  observers,  and  the  literature  of  geology  was  enlarged  by  con- 
tributions denlins  with  nearly  every  phase  of  the  sabject. 

Htttton. — Dr.  J^unes  Ilutton  was  the  founder  of  physical  geology  and 
the  predecessor  of  Lyell  in  advocating  the  uiiiforraitariao  theory  of 
geology.  It  is,  in  a  great  measure,  true — as* Lyell  has  well  siud  of  Hut' 
ton's  attempt  to  give  fixed  principles  to  geology — that  "  too  little  prog- 
ress lias  bt^ii  made  toward  furnishing  the  necessary  data  to  enable 
any  philoHopher.however  great  his  genius,  to  realize  so  noblea  project."* 
In  his  first  memoir  Iluttonf  speaks  of  a  method  of  measuring  the  dara- 
tion  of  geologic  time  as  follows: 

"We  are  investigating  the  age  of  the  present  earth,  from  the  Iwgin- 
ning  of  that  body,  which  was  in  the  bottom  of  the  seiv,  to  the  {>erfection 
of  its  nature,  which  we  consider  as  in  themoment  of  our  existence;  and 
we  have  necessarily  another  era,  which  is  collateral,  or  correspondent, 
in  the  projrress  of  those  natural  events.  This  is  the  time  require<l,  in 
the  natural  operations  of  this  globe,  for  the  dcsti'uetioii  of  a  former 
earth,  an  earth  equally  perfect  with  the  present  and  an  earth  equally 
productiveof  growingplants  and  living  animals.  Kow,  it  must  appear 
that  if  we  had  a  measure  for  one  of  those  corresponding  operations  we 
wouid  have  an  equal  knowledge  of  the  other. 

"Tlie  highest  mountain  may  be  levelled  with  the  plain  from  whence 
it  springs  without  the  loss  of  real  territory  in  the  land;  but  when  the 
ocean  makes  encroachment  on  the  basis  of  our  earth,  the  mountain, 
unsupported,  tumbles  with  its  weight;  and  with  that  accession  of  hard 
bmlies,  movable  with  the  agitation  of  the  waves,  gives  to  the  sea  the 
power  of  undermining  farther  and  farther  into  the  solid  basis  of  oar 
land.  This  is  the  operation  which  is  to  be  measured ;  this  is  the  mean 
proportional  by  which  we  are  to  estimate)  the  age  of  worlds  that  have 
t«ruiinat«:d,  and  the  duration  of  those  that  are  but  beginning." 

He  then  discusses  the  data  for  estimating  the  length  of  time  it  has 
taken  for  a  specific  amount  of  erosion,  and  concludes  "that  all  the 
coa-sts  of  the  present  continents  are  wasted  by  the  sea,  and  constantly 
wearing  away  u|iou  the  whole;  but  this  operation  is  so  extremely  slow 
that  we  cannot  find  a  measure  of  the  quantity  in  order  to  form  an  esti- 
mate. Therefore,  the  present  constituents  of  eiirth,  which  we  consider 
as  in  a  state  of  perfection,  would,  in  the  natural  operations  of  the 
globe,  require  a  time  indefinite  for  their  destrui^tion." 

Uo  believed  that  the  continents  thus  destroyed  were  formed  from  the 
ruins  of  i>re-existing  continents,  and  that  there  were  records  of  three 
such  periods,  each  of  which,  in  our  measurement  of  time,  were  of  indefi- 
nite dnration.f 

Lyelt. — In  1830  Sir  Charles  Lyell  began  to  publish  the  results  of  his 
profound  and  philosophical  studies  of  geologic  phenomena.  He  firmly 
established  tlie  broiMl  outlines  of  tlie  law  of  uniformity  as  opposed  to 

"  FrtHcipUa  of  Oeo'ogs,  12th  Ed.,  1875,  Tol.  i,  p.  73. 

tTbeory  of  thu  Karlh;  or  an  Invtistit;atiun  uftlie  Lan's  Observable  in  tbe  Compo- 
Bition,  Dissoliiliou.  aaA  Restoriiliim  of  Land  iipoD  The  Olobe.  ZVana.  Roy.  Soe.Edin- 
bunjii,  1788.  vol.  I,  pp.  297,  298. 

lioc.  cil.,  p.  304. 
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tlie  doctrine  of  geologic  ciitastropliea  and  rendered  possible  ft  rongh 
comptitatiou  of  tlieage  of  the  eartli on  the  principle  tbat  geologic  proc- 
e»t!e3  were  the  same  during  geologic  time  as  at  the  present.  Before 
tliis  effort  the  scientist  and  theologian  (with  the  exception  of  Button 
and  his  followers)  vied  with  each  other  in  their  attempts  to  harmonize 
the  Mosaic  record  with  thatof  itatnre;  they  expanded  the  seventeenth 
century  views  of  the  former  and  contracted  the  inductive  reasoning 
IVom  geologic  phenomena,  and  called  in  the  aid  of  spt^eial  creations, 
great  catastrophes  and  other  unusual  phenomena.  This  was  cleared 
away  amoug  geologists  by  Lycll's  work,  supplemented  later  by  the 
general  law  of  evolution  which,  since  the  appear  an<to  of  T>arwin'8  Origin 
of  Species,  has  with  a  few  and  rare  exceptions  controlled  and  directed 
scientific  work  and  thought  in  this  direction. 

Lyell  based  an  argument  for  the  age  of  the  sedimentary  rocks  as 
known  to  him  on  the  rate  of  modification  of  the  species  of  mollusca 
since  the  beginning  of  the  "Cambrian  periwl."  He  divided  the  geo- 
logic series  into  twelve  perioils  and  estimated  that  20,000,000  years 
were  demanded  for  a  complete  change  in  the  species  of  each  periml,  or 
240,000,000  years  in  all.  This  estimate  excluded  the  Primordial  of  Bar- 
randeand  the"antecedent  Lanrentian  formations."" 

Darwin. — In  the  chapter  summing  up  the  imperfections  of  the  geo- 
logical record  Darwin  concludes  that,  if  his  theory  of  the  origin  of 
spe«ies  is  true,  "  it  is  indisputable  that  before  the  lowest  Cambrian 
stratnm  was  deposited,  long  periods  elapsed,  as  long  as,  or  probably 
far  longer  than,  the  whole  interval  from  the  Cambrian  ago  to  the  pres- 
ent day;  and  that  during  these  vast  periods  the  world  swarmed  with 
living  creatures."  When  mentioning  the  opinions  of  various  authors 
on  the  duration  of  geologic  time,  he  indirectly  gives  his  own  views,  as 
follows: 

"Mr.  Croll  estimates  that  about  CO.000,000  years  have  elapsed  since 
the  Cambrian  period,  but  this,  judging  from  the  small  amoan  t  uf  organic 
change  since  the  commencement  of  the  Glacial  ei>och,  appears  a  very 
short  time  for  the  many  and  great  mutations  of  life  which  have  cer- 
tainly occurred  since  the  <'anil>rian  formation;  and  the  previous 
140,(HIO,000  years  can  hawUy  be  considered  as  sufficient  for  the  devel- 
opment of  the  varied  forms  of  life  which  already  existed  during  the 
Cambrian  period.  It  is  however  probable,  as  Sir  William  Thompson 
insists,  that  the  world  at  a  very  early  period  was  subjected  to  moi-e 
rapid  and  violent  changes  in  its  physical  conditions  than  those  now 
occurring;  and  such  changes  would  have  tended  to  itidnce  changes  at 
a  corresponding  rate  in  the  organisms  which  then  existed."* 

Houghton. — Bev.  Samuel  Houghton,  in  commenting  on  the  geological 
calculus,  states  that  he  believes  that  the  time  during  which  organic  life 
hasexiste<l  on  theearth  is  practically  iuHuite.  On  thebasisof  thetime 
of  cooling  he  assigns  an  age  of  1,280,000,000  years  for  the  Azoic  iieriod 
and  remarks  that  the  globe  was  habitable,  in  part  at  least,  for  a  longer 

-  rniiHphi  of  fieologn,  lOlli  eil.,  IWiT,  vi.l.  i,  p.  SOI. 

lOrigin  of  Sptciei,  American  oil.,  from  6th  Eiig.  e(l.,  1882,  p.  286..  , 
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{MtkhI.*  At  A  l»ter  (l«t«,  vhen  attempting  to  assi^  a  miDor  limit  totb« 
(hinttioii  of  f^H)k)jn<^  tiin«,  he  vas  <Jriveu  to  tbc  eoorlasioo  that  |;«olo^c 
c)mMt«>.-'Mvilii«>  III  lh«^)^.)mbin«4lnx>UDgof  the  earth  aodcEOD.  Oncom- 
IMrio):  th«  mtt's  of  oHtliu^  of  snch  »  body  as  the  earth  with  the  maxi- 
Miini  nie^survil  ihk-kiie.<<:  of  the  several  strata^,  there  is  a  renai^able 
|Mrt^MVth>H  between  tfaMi).  whirh  lea<l:ii  to vanl  I  be  roneliisioD  that  tb« 
aM\imam  tUiekue«$  of  the  ^rau  !:<  pr\^p<M-tioital  to  the  ti»es  of  tb^r 
^MniMlhkU.  W>ui  ttie  04iibu!etl  citnrlusitins  dedoeed  (ran  the  rate  of 
i^*'l:ns  "■»*"  'l'^  e^rth  *i;>l  the  ti<»e  ivquiml  fttr  de|MiMtioa  of  the  sedi- 
a»eiir.»ri-  i\vk-*,he  j;;ve«  lor  the  wlm'.e  «!«;:»::•»!>  'if  5e»A)^rie  liaie  a  nini- 

tV*"\— Or.  J*nw*  Ct\'-'  bej^wB  h:>  ^a.::**;  i>f  decsdaima  a.-  a  £>ctor 
ill  e*j;K»jH'*  »•;'  p;^•^^;^■  "•-*  i"  I"^V  »=d  i*fer^:-oe  is  made  lo  i;  in 
l?«ir,J  I",  :>.e  tor^''";"^  yv\*r  a  »*t*  «  jtSrtte  papfT  ""as  pa'>Usbed. 
*r>l  sv.S-^- ,;*;•,:' y  c.^r.'.i-:!^.;*.  rtrVrvc-.^*  bivr  Seer.  a.*ie  :o  it  ami  tAhtr 
iifc  r.'c*  t- a;  are:.'bei-tv.->,,;,^,t  :=:ii-e«:=:  ize-^'^v-j.-^lc  t:=>e,  i  Dr. 
t^.",  A>-*y*i  »-.;l(;S^r\V.  T;--c;;.**  v.  ;•«  r»L.T*;T  j-r.-'-a'-IrBr-der-esti- 
'-A^^  ;1*  :;-■*  *>-^a  >.e  a^'-.d^.  ;>_»;  li,v««'.'«v  yeirs  :s  *i«iGT  tbe 
x;:r,>,n^  :\»:  ,,*',■.  V  *">'«^*-,  tH-c;  ;ir  ;  ■  ;.-*;■,.»- ;* . -:  •  ■:" t-k-w,  i  c  all  tbe 
v''*  iir-i;;,.;:  >,i\y  :jivf..  •, "  ^e  ";.  :'.e  eji::V>  >^t-^*.^  >;t«,-*  ve-^ecabie 
'  w  -ti-^  >  *t-<  i,.'-  •»  -  ■•  i-r;  ^-Jt>  .-,ji,V  ■.<' »v".-c:   ^li-rf*-.     He  rr- 
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years  would  be  reqiiireil  for  the  deiwsitiou  of  tlie  known  sedimentary 
rocks.  Ou  the  theory  that  the  present  existing  Bedimentary  roeks 
have  on  the  average  pasfed  at  least  twice  throngh  the  cycle  of  destruc- 
tion and  reformation  the  [wriod  is  miilliplieil  by  three,  which  results  in 
72,000,000  years  for  the  time  of  duration  since  the  beginning  of  the 
deposition  of  the  sedimentary  rocks.  He  says  further, "  1 1  is  ini|>ossible 
to  tell  from  geological  dativ  the  actual  age  of  the  stratified  roeka;  but 
this  is  not  required.  What  we  require  is,  as  already  stated,  not  their 
actua]  age  but  an  inferior  limit  to  that  age." 

Wallace. — The  chapter  on  "  The  earth's  age  "  contained  iij  Sir  A.  R, 
Wallace's  Island  Life,  is  an  admirable  summary  of  his  own  views  and 
those  of  various  geologists,  naturalists,  and  physicists  who  have  written 
on  the  subject.  From  the  consideration  of  databearingon  the  denuda- 
tion and  tleiwsilion  of  strata  as  a  measure  of  time  he  thinks  that 
28,000,000  years  will  be  sufBcient  for  the  deitosition  of  the  known  sedi- 
mentary rocks.  Of  the  value  of  this  estimate  he  says,  "  It  is  not  of 
course  supposed  that  the  calculation  here  given  marks  any  upproach  to 
accuracy,  but  it  is  believed  that  it  does  indicate  the  order  of  magni- 
tude of  the  time  reqnired.  We  have  a  certain  number  of  data,  which 
are  not  guessed,  but  the  result  of  actual  measurement;  such  are,  the 
amount  of  solid  matter  carried  down  by  rivers,  the  width  of  the  belt 
within  wbtcli  this  matter  is  mainly  deposited,  and  the  maximum  thick- 
ness of  the  known  stratified  rocks."  f 

By  mlopting  Croll's  theory  of  glacial  epochs  occurring  at  certain 
l)erioils  of  great  eccentricity,  several  datum  points  are  secured  by  Wal- 
lace that  are  correlated  with  certain  geologic  phenomena  of  the  Ter- 
tiary and  Pleistocene  perimls  and  the  probable  dat«  of  tlie  Miocene 
period,  lie  theu  takes  the  ratio  of  Lyell  for  the  duration  of  the  geo- 
logic epoche  and  concludes  that  10,000,000  years  have  passed  since  Cam- 
brian time,  ( >n  the  basis  of  Dana's  theory  that  the  Tertiary  is  only 
one-fifteenth  of  the  Mesozoic  and  Paleozoic  combined,  the  result  is 
60,000,000  years  for  the  same  interval.    Of  these  figures  he  says : 

"The  estimate  arrived  at  for  the  rate  of  denudation  and  deposition 
(28,000,000  years)  is  nearly  midway  between  these,  and  it  is,  at  all 
events,  satisfactory  that  the  various  measures  result  in  figures  of  the 
same  order  of  magnitude,  which  is  all  one  can  expect  on  so  diflicult 
and  exceedingly  Kiwculative  a  subject.  The  only  value  of  such  esti- 
mates is  to  define  our  notions  of  geological  time,  and  to  show  that  the 
enormous  periods  of  hundreds  of  millions  of  years,  which  have  some- 
times been  indicated  by  geologists,  are  neither  necessary  nor  warranted 
by  the  facts  at  our  command;  while  the  present  result  places  us  more 
in  harmony  with  the  calculation  of  physicists,  by  leaving  a  very  wide 
margin  between  geological  time  as  defined  by  the  fossiliferous  rocks, 
and  that  far  more  extensive  period  which  includes  all  possibility  of 
life  upon  the  earth."J 

-  Slelliir  Erohlion,  and  ilt  Kelaliont  to  OeologUial  Time,  1889,  p.  39. 
t  lilaHd  Li/e,  2<1  «d.,  1892,  pii.  223,  223. 

t  tor.  ci(.,  pp,  235.386.  Cl^r^n\c' 
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Tbe  revolts  obtained  by  Wallace  are  ^uesUoued  byT.Mellard  Beade, 
vbu  states  tUat  Wallace  Iibd  iiot  allowed  for  the  eroKioD  aD<l  re-deposi- 
tion of  the  same  sedinieotB  a  nnmber  of  tiines.* 

Winchell. — Dr.  Alesauder  Wjnchell  re\iew8  tlie  opinions  of  physicists 
and  geologists  on  the  age  of  the  world  or  of  ceitain  periods,  and  enu- 
merates the  grounds  for  the  varions  estimate  as  follows: 

"  (1)  The  time  reqnired  for  the  San  to  contract  from  a  nebulous  con- 
dition or  flora  the  orbit  of  the  earth  to  its  present  limits. 

"(2)  The  time  which  the  sun  will  require  to  cool  from  its  present  <X)D- 
dition  to  fC  darkened  or  planetary  state. 

*'■  (3)  The  time  reqniretl  for  the  earth  to  cool  from  incipient  incrasta- 
tion  to  its  present  state,  based  on  the  thermal  conductiTity  of  rock 
masses  and  the  rate  of  increased  heat  toward  the  earth's  ceitter. 

"  (4)  Belative  times  required  for  the  deposition  of  all  the  rocky  sedi- 
ments. 

"  (.5)  Calcalation  based  on  the  obliteration  of  the  rotational  effectsof 
the  upheaval  of  a  continental  mass. 

"  (ti)  The  time  since  the  middle  of  the  last  glacial  period,  based  on 
the  theory  tbat  epochs  of  glaciation  on  the  northern  hemisphere  have 
been  caused  by  extreme  eccentricity  of  the  earth's  orbit. 

"  (7)  Estimates  based  on  rutes  of  erosions  and  deposition. 

"  (S)  The  rate  of  Bluff  recession  and  Terrace  formation. 

"  (9)  Decrease  of  temperature  of  ground  covered  by  ice  during  the 
glacial  period,  as  compared  with  temperature  of  gronnd  not  chilled  by 
the  ic«  sheet. "f 

Dr.  Winchell  was  inclined  to  accord  at  least  equal  confidence  to  the 
later  results  of  geologic  action,  such  as  erosion  of  river  gorges  and 
lakeside  and  seaside  bluffs,  as  he  would  give  to  the  mathematical 
methods  of  the  physicist.  On  this  l>asi8  he  dedncedther&'«ulttbatthe 
whole  incmsted  age  of  the  world  would  be  3,000,000  years.  In  con- 
clusion he  says: 

"If  our  attempta  to  ascertain  the  age  of  the  world,  or  the  duration 
of  any  single  period  of  it«  evolution,  yield  only  uncertain  results,  they 
BufBce  at  least  to  deinnn.'^trate  that  geological  history  has  limits  far 
within  the  wild  conceptions  of  a  certain  class  of  geologists.  They 
show,  if  we  maj-  credit  the  indications  here  regarded  most  trustworthy, 
a  restriction  of  tlie  modern  epoch  within  limits  not  exceeding  one-tenth 
or  one-twentieth  the  duration  sometimes  assigned  to  it."t 

Geilie. — 9ir  Archibald Geikie  has  recentlysummedup  thecatieof  the 
geologist  and  physicist  in  a  very  clear  statement,  as  follows: 

"In  scientific  as  in  other  ninndane  questions  there  may  often  be  two 
sides,  and  the  tnith  may  ultimately  be  found  not  to  lie  wholly  with 
either.  I  frankly  confess  that  the  demands  of  the  early  geologists  for 
an  unlimited  scries  of  ages  were  extravagant,  and  even,  for  their  own 
puri)oses,  unnecressary,  and  the  physicist  did  good  service  in  reducing 
them.  It  may  also  he  freely  admitted  that  the  latest  conclusions  from 
physical  considerations  of  t ho  extent  of  geological  time  require  that  the 
interpretation  given  to  the  record  of  tlie  rocks  should  be  vigorously 
revised,  with  the  viow  of  aMcertaining  how  far  that  interpretation  may 
•  Geol.  Mag.,  ISM,  vol.  x,  jip.  309, 310. 

t  World  Hf*,  or  Companllr*  <l4aloff.  Cbioag*,  18S3,  pp.  3BS-3T8. 
tXoo.ri(.,  p.878.  .tKloIe 
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be  capable  of  modiflcatiou  or  amendment.  Bnt  we  must  also  remember 
tbat  tlie  geological  record  coiistitates  a  voluminous  body  of  evidence 
regardiog  tbe  eaiili's  history  which  can  uot  be  ignored,  and  must  be 
explained  in  accordance  with  ascertained  natural  laws.  If  tbe  cuncla- 
sions  derived  ftom  the  most  careful  study  of  this  record  can  not  be  recon- 
ciled with  those  drawn  from  physical  considemtions,  it  is  surely  not  too 
much  to  ask  that  the  latter  shouUl  be  also  revised.  It  has  been  well 
said  that  the  mathematical  mill  is  aoadmirable  piece  of  machinery, but 
tbat  tbe  valueof  what  it  yields  depeuds  upon  the  (quality  of  what  is  put 
into  it.  That  there  must  be  some  daw  in  the  physical  argument,  I  can, 
tor  my  own  part,  hardly  doubt,  thougli  I  do  not  pretend  to  be  able  to 
say  where  it  is  to  be  found.  Some  assumption,  it  seems  to  me,  has 
been  made,  or  some  consideration  has  been  left  out  of  sight,  wbich  will 
eveotually  be  seen  to  vitiate  the  conclusions,  and  which,  when  duly 
taken  into  account,  will  allow  time  enough  for  any  reasonable  int«rpre- 
tatioii  of  tbe  geological  record."* 

Of  the  rate  of  denudation  and  deposition  be  says: 

"  The  rate  of  deposition  of  new  sedimentary  formations,  over  an  area 
of  sea  door  equivalent  to  tbat  which  has  yielded  the  sediment,  may 
vary  from  1  foot  in  730  years  to  1  foot  in  6,800  years.  If  now  we  take 
these  results  and  apply  themasmeasuresof  the  length  of  time  required 
for  tbe  deposition  of  the  various  sedimentary  masses  that  form  the 
outer  part  of  the  earth's  crust,  wc  obtain  some  indication  of  the  dura^ 
tion  of  geological  history.  On  a  reasonable  computation  these  strati- 
fie<l  masses,  where  most  fully  developed,  attain  a  united  thickness  of 
not  less  than  100,000  feet.  If  they  were  all  laid  down  at  tbe  most  rapid 
recorded  rate  of  denudation,  they  would  require  a  period  of  73,000,000 
years  for  their  completiou.  If  tbey  were  laid  down  at  the  slowest  rate 
they  would  demand  a  period  of  not  less  than  680,01)0,000."  t 

Reade. — Mr.T.  Millard  Beade  has  been  a  large  contributor  to  the  litera- 
ture of  geologic  time,  both  directly  and  indirectly.  His  most  recent  con- 
clusion is  that  there  appears  to  be  a  consensus  of  opinion  that  1  foot 
in  3,000  years  is  a  fair  estimate  of  the  mean  rate  of  such  erosion  over 
all  land  areas  throughout  all  geologic  time.  The  calculation  tbat  has 
elapsed  since  tbe  beginning  of  Cambrian  time,  on  this  basis,  is  stated 
as  follows : 

"The  mean  area  of  denudation  thronghoat  post- Archrean  times  being 
taken  as  one-third  the  entire  land  areas  of  the  globe,  the  bull;  of  the 
post-Archean  rocks  being  exi)resse<l  by  the  land  area  of  the  globe  2 
miles  thick,  and  tbe  rate  of  denudation  1  foot  in  3,000  years,  the  time  of 
accumulation  will  be  5,280x2x3,000x3  =  95,040,000.  The  time  that 
has  elapsed  since  the  commencement  of  the  Cambrian  is,  therefore,  in 
round  figures,  95,000,000  years."! 

Speaking  of  Sir  Archibald  Geikie's  conclusion  that  tbe  earth's  age, 
geologically  speaking,  must  be  somewhere  between  100,000,000  and 
600,000,000  years,  he  says: 

''This  is  a  large  margin,  no  doubt,  bnt  it  is  an  important  thing  to 


*  Preaidetitiiil  Address.     Report  Sixty-Hecond  Meeting  Brit.  Abboo.  Adv.  Sci.,  1892, 
pp.  19, 20.     <A1m)  Smithsonian  Report  fur  1892,  pp.  125,  126.) 
t  Loe.  at.,  p.  21.— Sm-  Report,  1892,  p.  127. 
t"  M«MtmmeDt  of  goologioid  time."    Oeol.  Mag.,  1883,  vol.  x,  pp  99, 100.  i 
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know.  DifiFerent  men  may  putdifferentTalne  on  the  three  factors,  bnik 
ot  sediment,  rate  of  denutlittiou,  and  area  of  denudation ;  but  I  think  a 
fair  and  impartial  exantiuation  of  the  reasoning  involved  in  this  paper 
will  show  that  the  principle  of  the  calculation  is  sound. 

"It  must  not  be  forgotten  that  to  arrive  at  the  earth's  age  Archiean 
time  La»  to  be  a<lded  to  my  estimate  of  95,000,U0U  years,  which  very 
materially  increases  the  margin  of  geologic  time  on  which  we  are 
allowed  to  draw."* 

Id  an  earlier  paper  Beade  assembles  much  valuable  data  on  chemical 
denudation, t  and  later  reviews  theresultsobtainedby  the  geologist  and 
the  mathematician,  f 

M.  A.de  Lapparentis  one  of  the  few  European  continental  geologists 
who  have  written  on  geologic  time.  On  the  basis  of  mechanical  denuda- 
tion and  sedimentation  he  thinks  that  from  07,000,000  to  90,000,000 
years,  at  the  present  rate  of  sedimentation,  would  account  for  every- 
thing that  has  been  produced  since  the  consolidation  of  the  crust.j 

Dana. — In  some  observations  on  the  length  of  geologic  time.  Prof. 
James  D.  Daua  says  that  theology  has  no  means  of  substituting  posi- 
tive lengths  of  time  in  place  of  the  time  ratios  he  has  deducetl  from 
the  relative  thicknesses  of  the  rock  series  pertaining  to  the  several  geo- 
logic ages,  but  that  it  affords  facta  sufficient  to  prove  the  general  prop- 
osition that  geologic  "  time  is  lotigJ"  He  cites  examples,  such  as  the 
retreat  of  Kiagara  Falls  and  the  recent  growth  of  coral  reefs.  Accord- 
ing to  his  time  ratio,  if  48,000,000  years  is  assigned  since  the  commence- 
ment of  the  Silurian,  the  Paleozoic,  Mesozoic,aud  Cenozoic  time  would 
represent,  respectively,  36,000,000,  0,000,000,  and  3,000,000  years.|| 

^h■Oee. — III  an  article  on  comparative  chronology  by  Mr.  W  J  McGee, 
the  conclusion  is  reached  that  the  antiquity  of  the  glacial  deposits 
margined  by  the  great  terminal  moraine  is  about  7,000  years,  and  of 
the  Columbian  formation  and  of  the  ice  invasion  to  which  it  is  ascribed, 
200,000  years,  and  of  the  Lafayette  formation  of  late  Tertiary  age, 
10,000,000  years.  On  this  basis  the  mean  estimate  of  the  age  of  the 
earth  is  ir.,000,000,000  years,  and  7,000,000,000  years  have  elapse^l 
since  the  beginning  of  Paleozoic  timet]  In  a  Bubsetiuent  "  Note  on  the 
Age  of  the  Earth"  Mr.  McGee  modifies  his  former  statement,  and  gives 
as  a  mean  estimate  of  the  age  of  the  earth  6,000,000,000  years,  and  of 
the  duration  of  time  since  the  beginning  of  the  Paleozoic,  2,400,000,000 
years,  which  is  based  on  a  minimum  estimate  for  the  age  of  the  earth  of 

•  "Meaanrenicut  of  Geological  Time."     (Irelog.  Mag.,  1?93,  vol,  x,  p.  100. 

iProc  Livei-pout  t'eol  Soe.,  1877,  vol.  ill,  pi.  iii,  pp.  211-235. 

IGeof.  Mag.,  IB78,  vol.  v,pp.  14.V1(H. 

i  De  la  lueBiini  du  teiiiiM  par  les  ptM^iionii'Des  de  B<^di mentation.  Bull.  Soc.  GM. 
France,  1890,  3cl  8er.,  vol.  xviii,  pp.  351-355.  La  destin^e  ite  la  teire  ferae,  et  diir^e 
deB  temps  K'^ologiijiios.  Kevue  dea  queatiooa  scieDtlGqueB,  July,  1691.  Pamphlet, 
Bruselles,pp.  1-38. 

i  Manual  of  Geology,  2d  ed.,  pp.  690, 591. 

H  Jm.  Antkropolagitt,  1892,  vol.  v,  p.  340, 


^dbyCoogle 


OEOLOOIC  TIME.  309 

10,000,000  years  and  a  maximam  estimat*  of  5,000,000,000,000  [5  thon- 
aand  million]  years.*    Mr.  McQee,  in  speaking  of  tlietie  estimates,  says: 

''These  general  estimates  are  iDde&nit«,  and  the  minima,  mean,  and 
maxima  are  alike  unworthy  of  tinal  acceptance;  but  tliey  stand  for  a 
real  problem  and  not  a  merely  ideal  one,  and  represent  actual  condi- 
tions of  the  known  earth;  and,  so  far  as  the  aeienoe  of  geology  is  con- 
cerned, the  maximum  estimate  is  qnite  as  probable  as  the  minimum, 
while  the  mean  is  mnch  more  probable  than  either."  t 

JJpkam. — Prof.  Warren  Upham,  after  reviewing  various  estimates  of 
geologic  time,  concludes  that  the  "probable  length  of  Glacial  and  Poat- 
Glacial  time  together  is  30,000  or  40,0t)0  years,  more  or  less;  but  an 
et^ual  or  considerably  longer  preceding  time,  while  the  areas  that 
became  covered  by  ice  were  being  uplilted  to  high  altitudes,  may  per- 
haps with  good  reason  be  also  included  in  the  Quaternary  era,  which 
then  would  comprise  some  100,000  years."  He  ttien  applies  Piof. 
Dana's  time  ratios  and  concludes  that  the  time  needed  for  the  earth's 
stratified  rocks  and  the  unfolding  of  ib4  phmt  and  animal  life  must  be 
about  100,000,000  years.J  Mr.  Upham's  paper  gives  a  number  of  illus- 
trations of  geologic  phenomena  from  Tertiary  and  Pleistocene  geology 
that  bear  upon  the  time  duration  of  these  ei>oclis. 

From  the  foregoing  estimates  of  geologic  time,  the  only  conclusion 
that  can  be  drawn  is  that  the  earth  is  cerif  old,  and  that  man's  occupa- 
tion of  it  is  but  a  day's  span  as  compared  with  the  eons  that  have 
elapsed  since  the  first  consolidation  of  the  rocks  with  which  the  geol- 
ogist is  acquainted. 

When  I  began  the  preparation  of  this  paper  it  was  my  intention  to 
carefully  analyze  the  sedimentary  n)ck8  of  the  entire  geologic  series  as 
exposetl  ui>on  the  North  American  continent.  I  soon  found,  however, 
that  the  time  at  my  disposal  would  make  this  impracticable,  and  I 
decided  to  take  up  the  history  of  the  deposits  that  accumulated  in 
Paleozoic  time  on  the  western  side  of  our  continent,  in  an  area  that  for 
convenience  I  shall  call  the  Cordilleran  sea.  This  was  chosen  because 
(t)  I  was  personally  acquainted  with  many  of  its  typical  se^^tions,  (2) 
there  was  a  broad  and  almost  nninterrnpted  sedimentation  during  Pal- 
eo7.oic  time,  and  (3)  there  wa«  a  prospect  tor  obtaining  more  satisfac- 
tory data  aa  a  basis  of  calculation,  since  calcareous  deiHisits  are  in 
excess  of  those  of  mechanical  origin. 

We  will  now  consider  several  iwints  in  relation  to  the  growth  or  evo- 
lution of  the  North  American  continent,  as  the  de}>ositiou  of  mechan- 
icnl  sediments  depend  to  a  considerable  extent  on  the  character  of  the 
adjoining  land  area,  and  chemical  sedimentation  is  also  inUueuced  by  it. 

(IBOWTH   OP    THE    CONriNENT, 

The  Algonkian  sedinients  were  deposited  in  interior  and  bordering 
seas  that  filletl  the  depreissions  and  extended  over  the  margins  of  the 


■  Scxenct,  Jiim-  9, 181(3,  vol, 

t  Loc.  rit.,  p.  310. 

t-^M.  Joitr.  Sci.,  1893,  vol.  XLV,  pp.  317, 


t  Loc.  cil.,  p.  310.  ,       CaKwIc 

■•  Sd.,  1893,  vol.  XLV,  pp.  317, 318.  (S 


812  OEOLOaiC  TIME. 

GEOGRAPHIC  CONDITIONS  ACCOMPAJiYlSCJ  TOE  DEPOSITION  OF  PAI-E- 
OZOIC   SEDIMENTS    IN    THE   COHDLLLEEAN    SEA. 

The  osBiiDied  area  of  the  Gordilleraii  or  Paleo-Bocky  Mourituiu  sea 
includes  over  400,000  square  miles  between  tlie  thirty  flftli  and  flfty- 
liftli  parallels.  To  the  eastwaid,  diiriug  lower  and  middle  Cambrian 
time,  a  land  area  is  thought  to  have,  extended  from  cast  of  the  one 
hundred  and  eleventh  meridian  across  the  continent  to  the  Paleo- 
Appalachian  sea.  This  land  was  depressed  toward  tlie  close  of  middle 
Cambrian  time,  and  the  Mtssissippiau  sea  expanded  over  the  wide 
plateau-like  interior  region,  from  the  Gulf  of  Mexico  on  tlie  south  to 
the  Lake  Superior  region  on  the  north;  westward  it  penetrated  among 
the  mountain  ridges  between  the  one  hundred  and  fifth  and  one  hun- 
dred and  eleventh  meridians,  laying  down  the  upper  Cambrian  deposits 
that  are  now  found  in  Now  Mexico,  Arizona,  eastern  Utah,  the  western 
half  of  Colorado,  Wyoming,  Idaho,  and  Moutana,  and  stilt  further 
north  into  Allwrta  and  British  Columbia.  During  Ordovician,  Silu- 
rian, Devonian,  and  Carboniferous  time  this  entire  Mississippian 
region,  except  jwrtions  in  Devonian  time,  appears  to  have  been  cov- 
ered by  a  relatively  shallow  sea  that  was  coextensive  with  the  Appa- 
lachian sea  and  that  communicated  freely  with  the  Cordillurau  sea. 
During  this  same  age,  however,  the  Rocky  Mountain  area  of  Kew 
Mexico,  Colorado,  Utah,  Wyoming,  and  Montana  formed  a  more  or 
less  well-defiued  boundary  of  ridges  and  islands  between  the  Cordilleran 
and  the  interior  sea  np  to  the  forty-ninth  parallel.  To  the  north 
of  the  latter  the  conditions  appear  to  have  been  the  same  as  on  the 
eastern  side  of  the  continent,  where  the  Appalachian  sea  communi- 
cated freely  with  the  Mississippiau  se^.  From  the  data  that  we  now 
have  I  think  that  the  Palezoic  (Mississlppian)  sea  extended  at  times 
over  nearly  all  of  the  area  subsequently  covered  by  the  Cretaceous 
and  the  later  formations  between  the  Gulf  of  Mexico  and  the  Arctic 
ocean.  This  belt  is  bounded  almost  continuously  on  the  east  and 
west  by  Paleozoic  ro<ks  that  extend  fiom  the  Arctic  ocean  to  Mexico, 
and  whether  of  Cambrian,  Ordovician,  Silurian,  or  Devonian  age  th^ 
carry  essentially  the  same  fauna  throughout  their  extent.  In  the 
outcrops  of  lower  strata  that  rise  up  through  this  Cretaceous  area  the 
Cambrian,  Ordovician,  and  Carboniferous  rocks  are  found  encircling 
the  pre-Paleozoic  rocks.  Instances  in  which  the  Arclnean  rocks  have 
been  met  with  immediately  beneath  the  Cretaceous  iu  borings  in 
Dakota  and  Minnesota  are  along  the  eastern  border  of  the  area,  next 
to  theArcha'an  rocks,  where  it  is  probable  that  the  Cretaceous  over- 
laps the  Paleozoic  to  the  Archanm. 

The  western  side  of  the  Cordilleran  sea  seems  to  have  been  bounded 
by  a  land  area  that  separated  it  from  the  Paleozoic  sea,  which  extended 
through  central  California  and  the  Pacific  border  of  British  Colnmbia 
^d  Yauoouvers   Island.      From   the  position  of   the  Carboniferous 
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dei>osits  of  Calironda  at  tlie  jivesent  time,  it  appears  tbat  this  land 
varied  from  IW  t«  150  miles  in  width  and  was  practically  continuons 
along  the  western  side  of  the  Oordilleran  sea.  This  view  is  further 
strengthened  hy  the  fact  that  the  Carboniferous  faunaof  California  has 
certain  characteristics  which  are  notfonnd  in  the  Carboniferous  of  the 
Cordilleran  area.  Our  knowledge  of  the  conditions  north  of  the  fifty- 
fifth  parallel  is  limited  by  the  want  of  accurate  geologic  data.  If  Cam- 
brian and  Carboniferous  rocka  were  not  deposited  in  the  Mackenzie 
Kiver  basin  and  also  on  the  eastern  side  of  the  area  now  covered  by 
Cretaceous  strata,  the  inference  is  tbat  during  Cambrian  and  Car- 
boniferous time  there  was  a  land  area  t«  the  east  and  north  of  the 
northern  Cordilleran  sea  tbat  may  have  been  tributary  to  the  latter. 

SOVRCE  OP   SEDIMKSTS  nEPOSITED   IN   THE  COBDILLEEAK   SEA. 

The  sediments  deposited  in  every  sea  or  lake  are  derived  from  land 
areas  either  by  mechanical  or  chemical  denudation. 

Mechanical  denudation  resnlts  trom  the  at^tion  of  t!ie  waves  and  cur- 
rents along  the  shore  and  the  agency  of  rain,  &o»t,  suow,  ice,  wind, 
heat,  etc.,  on  the  land.  Baiu  is  the  most  important  factor  and  the 
re-'sult  depends  mainly  upon  its  nmonnt  and  the  slope  or  the  gradieut 
of  the  land.  The  general  average  of  denudation  for  the  surface  of  the 
land  areas  of  the  globe,  now  usually  accepted,  is  I  foot  in  3,000  years. 
This  varies  locally,  according  to  Sir  Archibald  Geitie,  from  1  foot  in 
750  years  t«  1  foot  in  0,000  years.*  Of  the  rate  of  denudation  during 
Paleozoic  time  ahoiit  the  Cordilleran  Sea  we  kuow  very  little,  but  I 
think  that  it  was  relatively  rapid  in  early  Cambrian  time  and  during 
the  deposition  of  the  arenaceous  sediments  of  the  Ordovician  and  Car- 
boniferous. The  material  forming  the  argillaceous  shales  of  the  Cam- 
brian and  Devonian  was  supplied  to  the  sea  more  slowly.  These  cou- 
clnsions  are  Hustained  by  the  slight  change  in  the  character  of  the 
faunas  where  Interrupted  by  the  sands  and  pebbles  of  the  Ordovician 
and  Carboniferous  and  the  marked  change  between  the  base  and  summit 
of  the  argillaceous  shales.  As  a  whole,  I  think  we  are  justifietl  in 
assuming  a  miuimuin  rate  of  mechanical  denudation — of  considerably 
less  than  1  foot  in  1,000  years — for  the  area  tributary  to  the  Cordilleran 
sea. 

Chemical  denudation  is  the  removal  of  material  taken  into  solution 
by  water.  Mr.  T.  Mellard  Keade  has  discussed  this  phase  of  denuda- 
tion in  an  admirable  manner.t  He  came  to  the  conclusion,  from  what 
was  known  of  the  water  discharged  into  the  ocean  per  year,  the  aver- 
age amount  of  material  in  chemical  solution,  and  the  area  of  land  sur- 
face drainc<l  by  the  rivers,  tliat  an  average  of  100  tons  of  rocky  matter 
is  dissolved  i>er  English  squareniile  per  annum.     Of  thishesays;     "If 

•  Brit.  Assoc.  Adv.  Si'l.,  Hixty-iwcoud  meetiDg,  1892,  p.  21. 

t  PriK.  Liverpool  Gfol.  Soc,  1877,  vol.  in,  pt.  3,  pp.  212-235,  Chemieal  DenudatUm 
in  relalioH  Ut  Gtoiogical  Timt,  1879,  pp,  1-61,  (  "    ^   >  1 1  - 
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we  allot  60  tons  to  carbonate  of  lime,  20  tons  to  snlpliate  of  lime,  7  to 
silica,  4  to  carbonate  of  magnesia,  1  to  snlphateof  magnesia,  1  to  perox- 
ide of  iron,  S  to  chloride  of  sodiam,and  6  totbe  alkaline  carbonates  and 
snlphaten,  we  sball  probably  be  as  near  the  truth  ass  present  data  will 
allow  ns  to  come.""  By  the  nse  of  the  data  given  by  Mr.  John  Murray, 
in  a  paper  on  the  total  annual  rainfall  on  the  land  of  the  globe  and  tbe 
relation  of  rainfall  to  the  discharge  of  rivers, )  I  obtain  113  tons  as  the 
total  amoant  of  matter  in  solution  discharged  into  the  Atlantic  basin 
jier  annum  from  each  square  mile  of  area  drained  into  it.  Of  this,  49 
tons  consist  of  carbonate  of  lime  and  5-5  tons  of  sulphate  and  phoB- 
phateof  lime.t 

Mechanical  sediments. — With  the  geographic  conditions  described  as 
prevailing  during  Paleozoic  time,  tbe  source  of  mechanical  sediments 
later  than  the  Middle  Cambrian  must  have  been  from  the  broken  area 
on  the  eastern  side  that  extended  100  to  200  miles  to  tbe  eastward 
and  to  a  much  greater  extent  from  the  laud  along  the  western  side  of 
the  sea.  The  enormons  deposit  of  from  10,000  to  20,000  feetof  mechan- 
ical sediments  in  early  Cambrian  time  is  explained  by  the  assumption 
of  favorable  topographic  conditions  of  deniidation  following  the  Algou- 
kian  revolution  and  the  presence  of  a  land  area  over  the  interior  por- 
tion of  the  continent,  and  also,  in  all  probability,  between  the  western 
side  of  tbe  Cordilleran  sea  and  the  western  border  of  tbe  con4neiit. 
During  this  period  tbe  conformable  pre-fossiliferous  strata  of  the  Cam- 
briau  accumulated,  and  about  6,000  feet  of  the  lower  fossiliferpns  rocks 
as  they  occur  in  the  Eureka  district  of  central  Nevada.  Following  the 
depression  of  the  continent,  which  carried  down  tbe  central  area  and 
also  introduced  the  Upper  Cambrian  (Mississippian)  sea  into  tbe  Rocky 
Mountain  area  of  Colorado,  etc.,  there  were  dex)Osited  of  mechanical 
sediments  in  central  Nevada: 

Fsot. 

Ordovkian  Bands 500 

Devonian  fine  argillaceoDS  mads 2,000 

Lower  Carbon iferoiu  saoda 3,000 

Upper  Carbonifeioos  couglomerate  and  sande 2,000 

7,500 

making  a  total  of  7,500  feet  of  mechanical  sediments,  the  remaining 
portion  of  the  section  (15,150  feet)  being  limestone. 

The  following  table  exhibits  the  relative  thickness  of  mechanical  and 
chemical  deposits  in  the  Cordilleran  sea  after  the  Middle  Cambrian 
subsidence : 

•  Proe.  Liverpool  Geolog.  Soe.,  1877,  vol,  in,  p.  329, 

iScoltUh  Geol.  Mag.,  1887,  vol.  m,  jip.^-Tl. 

t  Total  amoant  removed  ia  aolntion  per  nnDniii  by  rivers,  762,587  tons  por  c^ie 
mile  of  river  wuter.  Total  discharge  of  river  water  per  annum  inUt  tbe  Atlantic, 
3,947  cubic  miles.  Area  drained,  26,4*''' """  """are  miles.  Amonnt  of  carbonate  of 
line  per  anmim,  326.710  tons  per  ir  wat«r;  of  sulphate  and  pliDS. 

abate  of  lime,  37,271  tons. 
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If  an  average  is  taken  of  the  mechanical  sediment  deposited  sabse- 
qnentto  the  close  of  Middle  Cambrian  time,  it  will  be  fonnd  lobe  about 
6,000  feet  for  the  entire  area,  which,  I  think,  does  away  with  any  neces- 
eityfor  assuming  an  additional  hypothetical  land  area  for  the  source 
of  the  mechanical  sediment.  The  fine  saud  composing  the  quartzites 
and  the  silt  forming  the  shales,  as  well  as  the  tine  conglomerate  of  later 
deposits,  were  derived  from  the  ac^oining  land  areas,  and,  in  all  proba- 
bility, cnrrents  swept  through  from  the  ocean  to  the  sooth  or  north, 
distributing  the  mod  and  sand  contributed  f^om  the  rivers  and  streams 
along  the  shores. 

Chemical  sedimenit. — The  present  snpply  of  the  carbonate  of  lime, 
silica,  etc.,  contained  in  sea  water  is  derived  firom  waters  poured  into 
theseabyriversand  streams.  TheCordilleran  sea  undoubtedly  received 
a  large  contribution  from  the  adjoining  land  areas,  but  a  considerable 
amount  was  possibly  derived  (rota  an  oceanic  curreut  that  circulated 
through  it,  as  the  southern  equatorial  curreutof  the  Atlantic  now  sweeps 
through  the  Caribbean.  From  the  vast  deposits  of  carbonate  of  lime 
it  might  be  assumed,  a  priori,  that  the  waters  of  a  Mississippi  or  Amazon 
were  poured  into  it,  but  there  is  not  any  evidence  of  the  existence  of 
such  a  river,  although  the  tributary  area  may  have  been  very  large  in 
Cambrian  aud  Carboniferous  time  if  the  drainage  of  the  country  west 
of  Hudson  Bay  was  to  the  westward. 

Condition  of  deposition. — With  free  commanication  into  the  open 
ocean  on  the  south,  and  probably  on  the  north,  during  most  of  Paleo- 
zoic time  strong  currents  must  have  circulated  through  the  Cordilleran 
sea.  The  broad  distribntion  of  mechanical  sediments  of  a  uniform 
character  clearly  shows  this  to  have  been  the  case,  especially  in  pre- 
Silnrian  time.  The  present  kuown  distribution  of  the  mechanical  sedi- 
ments indicates  that  they  were  mainly  brought  into  the  sea  from  the 
west,'  although  a  vast  amount  was  derived  from  the  land  ou  the  east- 
ern side  iu  pre-Ordovician  time;  they  were  quite  eveidy  distributed 
over  the  sea  bed,  except  where  local  accumulations  of  silt  and  sand 
occurred  near  the  larger  sources  of  supply,  or  in  the  direction  of  pow- 
erful currents  within  the  sea. 

The  conditions  of  the  deposition  of  the  carbonate  of  lime  are  less 
clearly  understood  than  those  governing  mechanical  sediments,  and  I 
shall  enter  upon  the  discussion  of  them  at  considerable  length.  There 
are  three  methods  by  which  it  is  usually  considered  it  may  be  depos- 


•  Oeol.  £xpl.  Fortieth  Paratltl,  1878,  vol.  I,  p.  247, 
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itrd:  (1)  iige!i(.-y  of  orgiunntDH;  (2)  cbeinivitl  |ireci|iitai>on:  (3)n 
u-a\  met  bod  fl. 

It  in  tlie  {Tetieral  ojtionicin  of  geologists  tbut  limestoue  nx-ks  are  tb« 
result  almost  entirely  of  the  <M)iim)lidatioii  of  lime  removed  friMn  the 
Kea  wat«r  tbrongli  tlie  agency  of  life,  aud  that  they  consist  of  the 
rcmaiiiK  of  foramiuifera,  criooids,  corals,  etc.,  or  their  fragments,  em- 
bedded in  a  mortt  or  lets  cryHtalline  matrix  resniting  from  aabseqaent 
alteration  of  the  original  depoHitx,  This,  however,  has  been  aeriotialy 
(jm^tioned.  Horhy,  in  giving  his  general  coudasions  of  an  eztaisi%'e 
niicroMropic  examination  of  liinestoiie8,  states  that — 

"Even  if  it  were  poKsibh:  to  study  in  a  detached  state  the  finer  gnum- 
lar  i>arti<'leK  which  constitiite  so  large  a  part  of  many  limestone  fcKina- 
tions,  it  wouhl  usually  be  impossible  to  say  whether  they  had  been 
derivi^  from  organisms  which  can  decay  down  into  granules,  or  from 
otIuT  orgariiHniH  wbi<'h  can  only  be  worn  down  into  granoles,  or  from 
giounti  down  rddt-r  limestone,  or,  in  some  cases,  from  carbonate  of  litoe 
d«I)OKit<-d  chetriically  as  granules.  -  -  -  The  shape  and  character 
of  the  id'^ntiltable  fnignients  do,  indeed,  jirore  that  much  of  this  most 
have  inifM  derivMl  fmm  the  decayed  and  woru-down  caJcareoos  oigaa- 
iMii>«:  and  v«-ry  oft«^n  we  may  reasonably  infer  that  the  greater  part,  if 
ii'ft  th«;  whole,  was  so  derivetl ;  but  at  tlie  same  time  it  is  impossible  to 
prore,  from  the  structure  tit  the  rock,  whether  some  or  how  much  was 
dcHvM]  fr'oni  Iiinc>«t4>n<w  of  earlier  date,  or  was  deposited  chemically, 
OM  tumui  ctrrtainly  muHt  have  been."* 

In  their  memoir  ou  coral  reefs  and  other  carbonate-of-lime  forma- 
tirmK  in  uiodeni  wan,  Messrs.  Murray  and  Irvine  show  that  tempera- 
ture of  the  watei'  iias  a  controlling  intlnence  upon  the  abondance  of 
ik|Hf';iiw  and  individnals  of  lime-secretiDg  organisms;  high  temperature 
iitrii'tre  favorubh;  Ut  abundant  secretion  of  carbonate  of  lime  than  high 
halinily.t 

'Viikiuii  ttii;  nampW  of  deep-sea  deposits  collected  by  the  Ckaltenger 
aM  a  guide,  tlie  average  pententage  of  carbonate  of  lime  in  the  whole 
of  th<;  ilcjMiHit  covering  the  floor  of  the  oce-an  is  36-83;  of  this  it  is  esti- 
iimU-ti  that  fully  IH)  |»er  cent  is  derived  from  ^lagic  organisms  that 
have  fallen  from  the  Hurfaf^e  water,  the  remainder  of  the  carbonate  of 
liioi-  having  Iii'j;h  Ket^rcNiil  by  organisms  that  lay  on,  or  were  attached 
to,  the  tmlUim.  The  estimated  area  of  the  varions  kinds  of  deposits, 
the  avi'i'4;;e  de[>th,  and  the  average  percentage  of  carbonate  of  lime  to 
ea^h  are  hIiowii  in  the  following  table: 

'  ifunrl.JiiHr.  Urol.  Xo«.,  I^ndcin,  lK7!t,  vol.  xxxv,  pp. 91-93. 
f  I'r-^.  Itoj/iil  Boc,,  E'lhilitirgh,  1)J90,  vol,  xvii,  p.  HI. 
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"We  have  little  knowledge  as  to  tbetliiekneasoftbeae  deposits;  still 
sach  as  we  have  goes  to  show  that  in  these  organic  calcareous  ooze^  and 
tnads  we  have  a  vast  formation  (greatly  exceeding  in  bulk  and  extent 
the  coral  reefs  of  tropical  seas.  They  are  most  widely  distribnted  in 
equatorial  regions,  bat  some  patches  of  Globfgerina  ooze  are  to  be 
found  even  within  the  Arctic  circle,  in  the  courseof  the Gtilf  Stream."! 

The  percentage  of  carbonate  of  lime  contained  in  deposits  accumu- 
lating at  different  depths,  as  obtained  from  231  Kamplcs  collected  by 
the  Challenger,  is  shown  iu  the  following  tabulation: 


3000  to  4000  fstl 


The  14  samples  under  50U  fathoms  are  cliieily  coral  muds  and  sands, 
and  the  7  samples  from  500  to  1,000  fathoms  contain  a  considerable 
quautity  of  miueral  particles  from  continents  or  volcanic  islands.  In 
all  the  depths  greater  than  1,000  fathoms  the  carbonate  of  lime  is 
mostly  derived  from  the  shells  of  pelagic  organi»ma  that  have  fallen 
from  the  surface  waters,  and  it  will  he  noticed  that  these  wholly  disap- 
pear from  the  greater  depths.} 

By  a  seriesof  exi)eriments  Messrs.  Murray  and  Irvine  found,  "that 
although  sea  water  under  certain  conditions  may  take  up  a  consider- 
able quantity  of  carbonate  of  liuie  in  solution,  yet  it  is  unable  perma- 
nently to  retain  in  solution  more  than  is  usually  found  to  bo  present  in 
sea  water,  and  it  is  owing  to  this  that  the  amount  of  carbonate  of  lime 
is  so  constantly  low.  The  reaction  between  organic  matter  and  the  sul- 
phates present  in  sea  water  (to  which  we  have  referred)  tends  also  to 
keep  the  amount  of  carbonate  of  lime  iu  solution  at  about  one  half 
(0*12  grams)  of  what  it  might  contEiiu  (0-28  grams  per  liter).    This  i>ecu- 


tZoc.  ci(.,  pp.  S2,  I 
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liarity  of  nea  water  in  taking  up  a  large  amount  of  amorphous  carbon- 
ate of  lime  and  throwiug  it  out  in  eryatalliue  form  accounts  for  tbe 
filling  up  of  tbe  interstices  of  massive  coral  with  crystalline  carbouate 
in  coral  islands  and  other  calcareonn  formations,  so  that  all  traces  may 
ultimately  be  lost  of  the  original  organic  structures.* 

The  authors  explain  the  disappearance  of  shells  and  lime  deposits  in 
the  greater  depths  of  tbe  ocean  by  their  being  dissolved  by  the  carbonic 
acid  in  the  water,  which  is  present  in  larger  quantity  at  great  depths, 
and  also  is  produced  by  the  decomposition  of  the  animal  matter  of  the 
shell  and  of  the  various  organisms  living  iu  tbe  water  and  on  the  bot- 
tom.   They  conclude  that — 

"On  tbe  whole,  however,  the  quantity  of  carbonate  of  lime  that  is 
secreted  by  animals  must  exceed  what  is  redissolved  by  the  action  of 
sea  water,  and  at  the  present  time  there  is  a  vast  accumulation  of  the 
carbonate  of  lime  going  on  in  the  ocean.  It  has  been  the  Hame  in  the 
past,  for  with  a.  few  insignificant  exceptions  all  the  carbonate  of  lime  in 
the  geological  series  of  rocks  has  been  secreted  from  sea  water  and 
owes  its  origin  to  organisms  in  tbe  same  way  as  the  c»rbou  of  the  car- 
boniferous formations;  the  extent  of  these  deposits  appears  te  have 
been  increased  from  tbe  earliest  down  to  the  present  geological  period."  t 

In  their  report  on  deep  sea  deposits,  collected  by  the  Challenger  expe- 
dition, Messrs.  Murray  and  Renard  state  that  the  chemical  products 
formed  in  situ  on  the  floor  of  the  ocean  nearly  all  originate  in  a  sort  of 
broth  or  ooze,  in  which  the  sea  water  is  but  slowly  renewed.  Many  of 
them  appear  te  be  formed  at  the  surface  of  tbe  deposit — at  the  line 
separating  the  ooze  from  the  superincumbent  water,  where  oxidation 
tekes  place.  In  tbe  deeper  layers  of  the  deposit  a  rednction  of  tbe 
higher  oxides  frequently  occurs,  and  at  the  surface  of  the  mud  or  . 
ooze  there  are  many  living  animals  as  well  as  the  dead  remains  of  sur- 
face plante  and  animals.}  They  also  conclude  that  practically  all  the 
carbon  of  marine  organisms  mnst  ultimately  be  resolved  into  carbonic 
acid,  Thequantityof  that  acid  produced  in  this  way  must  be  enormous, 
and  can  not  bat  exert  a  great  solvent  action  not  only  on  the  dead  cal- 
careous structure,  but  also  on  the  minerals  in  the  muds  on  the  floor  of 
tbe  ocean.§  Of  the  effect  of  this  destructive  action  tbcy  say:  "  In  all 
cases,  however,  calcareous  structures  of  all  kinds  are  slowly  removed 
from  the  bottom  of  the  ocean  on  tbe  death  of  the  organisms,  unless  rap- 
idly covered  up  by  tbe  accumulating  deposite,  and  in  this  way  protected 
to  a  certain  extent  from  the  solvent  action  of  the  sea  water.  It  is  evi- 
dent from  the  Challenger  iiivi'stigations  that  whole  claitses  of  animals 
with  hard,  calcareous  shells  and  skeletons,  remains  of  which  one  might 
suppose  would  be  i>re8erved  in  modern  deposits,  are  not  there  repre- 

' Loi.  cil.,  pp.  94-95. 
tZoc.d(.,p.  100, 

i  Report  on  the  ScieDtlflo  Reaulta  of  the  Vo;age  of  H.  M.  8.  ChaUangtr.     Deep-Se» 
Depoaita.    1891,  p.  337. 
tXoa.«Jl.,p.266. 
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sented;  although  they  are  now  living  in  immttuse  nimibera  in  the  enr- 
face  waters  or  on  the  deposits  at  the  bottom  in  some  regioiio,  yet  all 
traces  of  them  have  been  removed  hy  solution.  A  similar  removal  of 
calcareous  organic  structures  has  undoubtedly  takeu  place  iu  the 
marine  formations  of  past  geological  ages."  * 

From  the  preceding  statements  it  is  evident  that  initially  the  greater 
part  of  tlie  carbonate  of  lime  is  taken  from  the  seA  water  by  organic 
agency,  but  in  the  working  over  of  this  material  in  the  eheniical  labo- 
ratory at  the  bottoiri  of  the  sea  a  considerable  portion  is  taken  up  by 
the  sea  water  as  amorphous  carbonate  of  lime  and  thrown  out  in  the 
crystalline  form  to  form  the  matrix  of  the  undissolved  shells,  etc.  f 

Mr.  Bailey  Willis  has  recently  studied  the  question  of  the  deposi- 
tion of  carbonate  of  lime,  and  states  that  "  chemists  describe  two  con- 
ditions under  which  bicarbonate  of  lime  may  be  decomposed  into 
neutral  carbonate  and  carbonic  acid :  first,  by  diminution  of  the  ten- 
sion of  the  carbonic  acid  in  the  atmosphere;  second,  by  agitation  of  the 
solution. 

"Theoretically  either  one  of  three  things  may  occur  to  the  neutral 
oarbouate  of  lime,  if  it  be  thrown  out  of  solution  by  either  one  of  these 
processes.  The  carbonate  may  be  redissolved,  deposited  as  a  calca- 
reous mud,  or  built  into  organic  structures."  He  studied  some  recent 
limestone  deposited  in  the  Everglades  of  southern  Florida  and  found  it 
to  be  formed  of  fragments  of  shells  embedded  in  calcite.  He  states 
that  "  ander  the  microscope  the  unaltered  structure  of  the  organic  frag- 
ments is  strikingly  different  from  that  of  the  coarse  holocrystalline 
matrix,  in  which  it  is  apparent  that  the  crystals  developed  in  place. 
.Were  this  a  limestone  of  some  past  geologic  period  it  would  be  con- 
cluded, on  the  evidence  of  the  crystalline  texture  of  some  parts  of  it, 
that  it  had  been  metamorphosed  and  that  the  organic  remains  uow 
visible  had  escaped  the  proi^ess  which  altered  the  matrix.  But  the 
observed  conditions  of  its  formation  preclude  the  hypothesis  of  sec- 
ondary crystallization."^  Apparently  the  crystalline  matrix  is  one 
primary  product,  and  the  calcareous  mud  is  another,  which  being  pre- 
cipitated in  the  solution  remains  an  incoherent  sediment. 

I  think  we  may  accept  the  conclusion  that  the  deposition  of  carbonate 
of  lime  is  by  both  organic  agency  and  chemical  precipitation.  It  is  not 
necessary  to  speak  of  deiwsitiou  by  mechanical  methods  except  in  rela- 
tion to  the  de)>osition  of  chemically  derived  granules.  This  probably 
takes  place,  and  may  be  a  very  important  factor  in  the  formation  of 
limestones  in  seas  receiving  a  large  supply  of  calcium  from  the  land. 
Calcareous  conglomerates  do  not  enter  as  a  prominent  deposit  in  the 
Cordilleran  area. 

'  £oe.  HI.,  p,2T7.     Id  this  connection  I  wiih  to  ask  the  ntndent  to  read  Measre. 

Mniray  anil  Irvioe's  remarks  on  pp.  97-99,  Proe.  AoyaJ  Soc.  Edinburgh,  IS90,  vol.  xvii. 

t  Proc.  Royal  Soc.  EdinbHrgll,  1890,  vol.  xvil,  pp.  W,  96. 

t  Bee  Hr.  Willin's  article  in  Journal  of  Gtologs,  Chioago,  July -Aaguat^  1803. 
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There  is  no  evidencu  in  the  marine  geologic  formations  of  this  conti- 
nent that  they  were  deposited  in  the  deep  sea;  on  the  contrary,  tliey 
are  unlike  sucli  deposits  and  bear  positive  evidence  of  having  been  laid 
down  in  relatively  shallow  waters.  Limestones  with  ripple  marks  and 
son  cracks  occur,  and  beds  of  ripple-marked  sandstones  alternate  with 
shales  and  limestones.  The  more  massive  limestones,  however,  apitear 
to  have  accumulated  in  deeper  water.  The  conditions  in  the  Cordilleran 
sea  were,  I  think,  more  favorable  for  rapid  deposition  than  in  the  deep 
open  ocean,  but  probably  not  as  favorable  as  abont  coral  reefs  and 
islands.  The  limestones  and  often  the  contained  fossils  clearly  indicate 
the  presence  of  many  of  the  same  conditions  of  deposition  as  described 
by  the  authors  I  have  <]aoted.  More  or  less  decomposed  shells  occur  iu 
nearly  every  limestone ;  and  a  large  proportion  of  limestones,  especially 
the  nonmetamorphic  marbles,  clearly  shows  that  they  were  dei>08it«d 
under  the  influence  of  the  agencies  at  work  in  the  laboratory  of  the  sea. 
Willis  states  that  this  occurs  in  the  shallow  waters  of  the  Everglades  of 
Florida,  and  there  in  no  a  priori  reason  why  it  did  not  occur  throughout 
geologic  time;  on  the  contrary,  there  is  no  doubt  that  it  did. 

Rate  of  deposit  tit  former  times. — It  has  frequently  been  assumed  that 
iu  the  earlier  epochs  the  conditions  were  more  favorable  for  rapid  denu- 
dation and  in  consequence  thereof  the  transportation  and  deposition  of 
sediment  were  greater.  Prof.  Prestwich  considers*  that  prior  to  the 
sedimentary  rocks  the  land  surface  consisted  of  crystalline  or  igneons 
rocks  subject  to  rapid  decomposition  owing  to  the  composition  of  the 
atniospfaere  and  to  their  inherent  tendency  to  decay.  They  must  have 
yielded  to  wear  and  removal  with  a  facility  unknown  amongst  mechani- 
cally-formed and  detritid  strata  where  erosion  operates.  He  thus 
accounts  for  one  of  the  factors  that  gave  the  largo  dimensions  and 
thicknesses  of  the  earlier  formations.  Mr.  Wallace  thinks  that  geolog- 
ical change  was  probably  greater  iu  very  remote  times,f  stating  that 
alt  telluric  action  increases  as  we  go  back  into  the  past  time  and  that 
all  the  forces  that  have  brought  about  geological  phenomena  were 
greater-t 

Dr.  Woodward  says  on  the  opposite  view,  that  in  the  earliest  geolog- 
ical periods  each  bed  of  sand,  clay,  limestone,  etc.,  had  actually  to  be 
formed,  and  that  later  deposits  had  the  older  sedimentary  ones  to  ftirniah 


■  Geoloss,  1886,  vol.  I,  pp.  60, 61. 

t  Iiland  Li/c,  2d  ed.,  18!I2,  pp.  2ai-224, 

I  Sir  William  Thoniaon  (Iiord  Kelvin)  inferred  from  his  invpatigntioas  upon  the 
cooliug  of  tho  enrtU,  that  ttio  goueral  climato  cuu  not  be  sensibly  affected  by  cod- 
diittcd  bent  at  sd]*  time  more  than  10000  years  after  the  commeucoiuent  of  Buper- 
ficial  solid i Boat ioD.  TreatUe  on  yalural  Philoiophy,  Cambridge,  IStS,  vol.  1,  pt.  '2, 
p.  478. 

Of  the  degree  of  the  stin's  beat  ne  know  ho  litlle  tbat  conjectures  in  relation  to  it 

ve  little  force  against  tbe  conditions  indicated  by  the  sedimentary  rocks  and  their 

itained  organic  lemaina. 


^dbyCoogle 


GEOLOGIC   TIME.  321 

niateriHl,  aud  tlierefore  tbe  newer  deposits  were  laid  down  more  rapidly.* 
This  does  not  impress  me  strougly;  but  from  my  experjeoce among  the 
Paleozoic  roekK  I  agree  with  Sir  A.  Geikie,  that  "  we  can  see  no  i)roof 
whatever,  nor  even  any  evideuce  which  snggesto — that  on  the  whole  the 
rate  of  waste  and  sedimentation  wan  more  rapid  during  Me6o;Hjiu  and 
Paleozoic  time  than  it  is  today.") 

Prof.  Hnxley,  in  his  presidential  address  to  the  Oeologictd  Society 
of  London  in  1870,  treats  of  the  distribution  of  animals,  and  says  of  his 
hypotliesis  that  it  "  requires  no  supposition  that  the  rate  of  change  in 
organic  life  has  been  either  greater  or  less  in  ancient  times  tlian  it  ia 
now;  nor  any  assumption,  either  physical  or  biological,  which  has  not 
its  justification  in  analogous  phenomena  of  existing  nature."} 

In  the  Grand  Canyon  of  tlie  Colorado,  Arizona,  there  are  1 1,95*)  feet 
of  strata  of  Algoukian  age  oxteuding  unvomformably  beneath  tbe  Cam- 
brian. There  is  nothing  in  this  section  to  indicate  that  the  conditions 
of  deposition  were  unlike  those  of  the  strata  of  Paleozoic  and  Mesozoic 
time.  The  sandstones,  shales,  and  limestones  are  identical  in  appear- 
ance and  characteristics  with  those  of  the  latter  ef>oo)i.  The  de]>osition 
of  sulphate  of  lime  and  gypsum  occurred  abundantly  in  the  upper  por- 
tions of  tbe  series,  and  suit  is  collected  by  the  Indians  from  the  deimsits 
formed  by  the  saline  waters  issuing  from  the  sandstone  8,000  feet  below 
the  suinniit  of  tbe  series.  The  sandstones  and  sliiUes  were  deposited 
in  thin,  even  lamina^  and  layers,  and  the  sun  cracks  aud  ripple  marks 
give  evidence  of  slow,  uniform  deposition.  In  the  upper  or  Chuar  ter- 
rane,  there  are  235  feet  of  limestone.  And  in  one  of  tbe  layers  of  lime- 
stone, 2,700  feet  below  the  summit  of  the  Ohuiir  terrane,  I  find  abun- 
dant evidence  of  tbe  presence  of  spiculat  of  sp<mges  and  what  appear  to 
be  worn  fragments  of  some  small  fossils.  There  is  absolutely  nothing 
to  indicate  more  rapid  denudation  and  corresponding  deposition  in  this 
early  preOambrian  series  than  we  find  in  the  Paleozoic,  Mesozoic,  or 
Cenozoic  formations, 

PALEOZOIC  8EDIMKNT»   OF  THE  CORDILLBBAN   SEA, 

The  great  sections  of  sedimentiiry  rocks  in  Arizona,  Nevada,  Utah, 
Montana,  and  in  Alberta,  British  America,  all  bear  evidence  that  the 
sediments  of  which  they  are  built  up  were  deposited  in  a  connected  and 
continuous  sea  that  extended  from  the  viciiiity  of  the  thirty-fourth 
parallel,  on  the  south,  to  the  Arctic  Ocean  on  the  north.  Judging  from 
the  data  now  available  the  width  of  this  sea  varies  from  300  miles  in 
Nevada  to  500  miles  on  the  lino  of  the  fortieth  pnrallel,  and,  with  inter- 
ruptions by  mountain  ridges,  to  2.')0  miles  on  the  forty-ninth  parallel. 
It  appears  to  have  nari-owe4l  to  tbe  north  in  Alberta  and  British  Golum- 

'  Oeol.  Eiislaiiii  and  Hair;  2il  uil.,  18ST,  p.  23. 
t  Rept.  Sixtf-ucund  Meeting  Hrit.  Anon,  Ade.  A'ci.,  1893,  p.  19. 
I  Qiiarl.  Jour.  Oeol.  Soc,  1870,  vol.  xxvi,  |i.   Ixih. 
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bia.  Roughly  compnted,  it  covered,  south  of  tbe  fifty-fifth  parallel, 
400,000  square  ini1e»,  exclusive  of  any  extonsion  westward  into  iiorth- 
eru-cvtitral  Oaliforniti  aud  southwestern  Oregon  and  to  tbe  eastward  over 
tho  area  sabseqoently  covered  by  the  great  interior  Cretaceous  sea. 
Tlieroia  alao  an  addition  that  might  be  made  to  allow  for  tbe  contrac- 
tion of  the  area  by  tho  later  nortb-and -south  faults  and  thrusts.  Dr. 
G.  M.  Dawson  estimates  that  in  the  Alberta  and  British  Columbia  area 
the  width  of  the  zone  of  Paleozoic  rocks  ban  probably  been  reduced  one- 
half  by  the  folding  and  fanlting,  or  from  2U0  to  100  miles.*  The  area 
assumed  for  the  Gordilleran  Sea  is  on  this  account  probably  one-half 
less  than  it  was  before  tbe  close  of  the  Appalachian  revolution. 

The  Wasatch  section,  on  tbe  eastern  side  of  the  area  under  consider, 
ation,  has  30,000  feet  of  strata,  of  which  10,100  feet  are  lime8tone.t 
Farther  to  the  west,  250  miles  west-soutbwest,  at  Enreka,  Nov.,  there 
are  30,000  feet  of  strata  in  tlie  entire  section,  and  of  thi»  amount  19,000 
feet  are  referred  to  limestone.^  In  tbe  Pahranagat  range  and  vicinity, 
200  miles  south  of  the  Eureka  section,§  the  limestones  of  the  Paleo- 
zoic measure  over  13,000  feet  in  a  section  of  15,d00  feet.  This  scctioa 
includes  only  350  feet  of  the  upper  beds  of  the  lower  quartzite  series, 
which  is  upwards  of  11,000  feet  in  thickness  in  the  Schell  Creek  range 
of  eastern  Nevada.|| 

On  the  eastern  side  of  the  area,  in  Montana,  300  miles  north  of  the 
Wasatcb  section  of  Utah,  the  deposit  of  Paleozoio  sediment  in  less  in 
volume.  Dr.  A-  C.  Peale's  section  gives  3,800  feet  of  limestone  in  5,000 
feet  of  strata,  ^  This  docs  not  include  the  6,000  feet  or  more  of  sedi- 
ments that  occur  below  tbe  fossiliferous  Cambrian.  I  believe  that  the 
Paleo»)ii-.  section  will  be  found  to  be  considerably  thicker  to  the  west- 
ward, in  Idaho.  Continuing  to  tbe  north  450  miles,  the  sections  mens- 
ored  by  Mr.  B.  G.  McConnell  give  29,000  feet  of  Paleozoic  strata, 
including  14,000  feet  of  limestones.**  In  a  "  Note  on  the  Geological 
Structure  of  tbe  Selkirk  Range,"  Dr.  Geo.  M.  Dawson  describes  a  sec- 
tion containing  upwards  of  40,000  feet  of  mechanical  sediments,  which 
he  refers  largely  to  tiie  Cambrian.tt 

Tbe  Paleozoic  limestones  extend  to  tho  north,  on  the  line  of  the  east- 
ern Rocky  Mountains,  to  the  Arctic  Ocean.  In  latttnde  55°  to  60^ 
north,  the  Devonian  limestones  are  over  2,500  feet  in  thickness,  and 
there  are  other  still  lower  Paleozoic  rocks  that  have  not  yet  been 
studied  in  detail.  The  Devonian  limestones  extend  700  miles  in  tho 
valley  of  the  Mackenzie,  from  Great  Slave  Lake  to  below  Fort  Good 

'»Mii.  Geol.  Sof.  Jm..  1891,  vol,  ll,  p,  176. 

tGeoi.  Expl.  FoTiielh  Parallel,  1H78,  vol.  I,  pp.  1&5-I5t). 

}Mon.  U.  S.  Gtol.  Survts,  1892,  vol.  XX,  p.  178. 
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I  Gaol,  and  Ueog.  Surveyt  u-e»t  af  ICOIk  Mtri^,,  vol,  ii| ;  1875,  (ieolOKJ',  p-  167. 
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Hope.'  No  Carboniferous  limestones  have  been  described  from  this 
region. 

Tabulating  the  sections  soutit  from  the  Fifty-fifth  parallel  and  allow- 
ing for  a  great  thtnuing  out  of  the  sediments  in  Idaho  and  Montana, 
we  obtain  an  approximate  general  average  of  21,000  feet  of  strata,  of 
which  6,000  feet  are  limestone  over  an  area  estimated  to  inclnde  400,000 
square  miles.  Each  square  mile  inclades  27,878,400  cubic  feet  of 
limestone  for  each  foot  in  thickneas,  and  167,270,400, 000  cubic  feet  for 
a  thickness  of  6,000  feet,  which,  with  an  average  of  12-5  cubic  feet  to 
the  too,  gives  13,381,632,000  tons  of  limestone  and  impurities  per 
square  mile.  The  result  of  10  analyses  of  clear  limestones  within  the 
central  portion  of  the  area  gives  an  average  of  76*5  per  cent  of  carbon- 
ate of  lime.t  Taking  75  per  cent  as  the  proportion  of  pure  carbonate 
of  lime  (after  deducting  60  per  cent  to  allow  for  arenaceous  and  argil- 
laceous material  iu  partings  of  strata,  etc.),  there  remain  5,018,112,0(t0 
tons  per  square  mile;  multiplying  this  by  400,000  the  result  gives  the 
number  of  tons  of  carbonate  of  lime  that  were  deposited  in  what  we 
know  of  the  Cordilleran  sea  in  Paleozoic  time— or  2,007,244,800,000,000 
tons,  or  two  thousand  trillion  tons  in  round  numbers. 

Thefollowingmodeof  presentation  of  the  above  was  suggested  by 
Mr.  WiUisj 

'In  order  to  proceed  with  a  calculation  of  the  period  required  to  form 
this  thickness  of  15,000  feet  of  mechanical  sediment  pins  6,000  feet  of 
calcareous  sediment,  it  is  necessary,  first,  to  compute  the  cubic  volumes 
of  the  sediments;  second,  to  estimate  the  area  ft'om  which  they  were 
derived;  and,  third,  to  divide  the  cubic  contents  of  the  sediments  by 
this  land  nrea.  The  result  thus  obtained  represents  the  depth  of  ero- 
sion required  to  furnish  the  whole  deposit,  from  which  we  may  esti- 
mate the  time  under  different  assumptions  of  the  rate  of  erosion. 

"But  if  we  express  amounts  in  cubic  feet  or  tons  the  figures  pass  alt 
comprehension ;  therefore  to  simplify  the  statement  it  i^  well  to  use  a 
mile-foot  as  a  unit  of  volume,  that  is,  the  volume  of  1  mile  square  and 
1  foot  thick,  (1  mile-foot=0,79  kilometer-met«r.)  This  is  equal  to 
223,000  tons,  if  12^  cubic  feet  of  limestone  equal  1  ton. 

"Tbas  stated,  mechanical  sediments  covering  400,000  square  miles 
and  15,000  feet  thick  contain  6,000,000,000  mile-feet  (4,740,000,000  kilo- 
metor-meters) ;  and  calcareous  sediments  covering  the  same  area  and 
6,000  teet  thick  correspond  to  2,400,000,000  mile-feet  (1,806,000,000 
kilometer-meters).  In  the  calcareous  sediments  a  litteral  allowance  of 
one-half  may  be  made  for  arenaceous  and  argillaceous  matter  in  the 
limestone  and  partings,  and  analyses  of  10  clear  limestones  within  the 
central  part  of  the  area  give  a  little  more  than  75  per  cent  of  carbonate 
of  lime.  Applying  these  reductions  we  get  0<X),000,000  mile-feet 
(711,000,000  kilometer-meters)  of  pure  carbonate  of  lime." 

DUEATION  OF  PALEOZOIC  TIME  IN   THE   rOEDILLBBAN  ABBA. 

Estimates  from  mechanical  sedimentation, — The  land  area  tribntary  to 

the  Oordilleran  sea  was  larger  before  the  depression  of  the  continent, 

'  B^l.  Etpl.  Tmkon  and  MadiMttie  Tiv&ri  Battnt,  y,  W.,  Tvrr.,  (leol.  nnrf  tfal.  ^M 
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tovardfl  tlie  eloae  of  middle  Canbriaii  time,  than  doriog  snbseqaent 
PaleoKwic  time.  It  iiiclad«d  a  |tortiou  of  the  region  to  the  eastward 
aod  probably  a  belt  of  land  extending  veil  toward  tlie  Pacific  coast 
of  the  coiitineutAl  platean.  The  inteiior  (Missis^ppian)  region,  wesc 
of  the  ninetietli  meridian,  probably  draioetl  into  the  sea  to  the  soatb, 
forming  a  Cambiiao  Uii^ssippi  river  prior  to  middle  Canibriao  time. 
This  limitA  the  Cambrian  drainage  into  the  Cordilleran  sea  to  an  area 
estimated  at  1,600,000  sqnare  miles.  The  average  thickDess  of  mechan- 
ical aediments  deposited  bef<»«  npper  fambrian  time  is  estimated  at 
from  10,000  to  15,000  feet.  Takiug  the  miuimnm  of  10,000  feel  and  the 
assamed  drain^e  area  of  1,600,000  square  miles  and  the  rate  of  deuada- 
lion  at  I  foot  in  1,000  years,  it  wonkl  have  required  2,500,000  years  to 
caiTT  to  the  sea  wid  distriboie  the  10,000  feet  of  sediment.  This  means 
tl>e  depositioD  of  0-MS  of  an  inch  per  year,  which  is  very  small  if  the 
gnpposed  conditions  of  denndatton  wid  transportatioD  were  as  fkvor< 
able  as  the  character  and  mode  of  occonence  of  the  sediments  indicate. 
If  one-fourth  of  an  inch  per  year  is  assnnied  as  the  rate  of  deposition, 
the  10,000  feet  of  sediment  would  have  aocnmnlatetl  in  480,000  years 
or,  in  round  numbers,  in  500,000  years,  which  increases  the  rate  of 
denudation  to  1  foot  in  200  years.* 

En  dealing  with  the  post-middle  Cambrian  mechanical  sediments  we 
have  a  somewhat  different  problem,  but,  as  a  whole,  rapid  deposition 
is  indicated.  For  instance,  the  Eureka  qnartzite  of  the  upper  Ordo- 
vician  is  a  bed  of  sandstone,  varying  from  200  to  400  feet  in  tliickDess, 
distributed  over  a  wide  area,  perhaps  50,000  square  miles.  It  is  made 
almost  entirely  of  a  white,  clean  sand  that  was  deposited  in  so  short 
HD  interval  that  the  Trenton  fauna  in  the  limestone  beneath  it  and  in 
the  limestones  above  it  is  essentially  the  same.  The  sand  appears  to 
have  been  swept  rapidly  into  the  sea  and  distribnted  by  strong  cur- 
rents.   The  same  is  true  of  the  3.000  feet  of  the  lower  Garbooiferous 


'  Bj  ilr.  Willis'  meth«l  (aii'r,  p.  323i  tbe  iii<«lisDiritl  sMlimenta  of  Ui«  PnleoEoic 
»ge  for  the  area  under  consideration  rortvspODtl  to  6.0<Xt.000,000  mile-feet.  Of  this 
tof*l  the  greater  part,  nunely,  tn-ii-thirds  or  4,000.000,000  mile- feet,  are  of  Cambrian 
age.  Diviiliiig  thia  volame  bir  the  land  area  jiisl  giren,  1.600,000  eqnare  niilee,  \re 
get  2.-V)0  fvet  ai>  tbe  depth  »f  erosion  iliiring  tbe  format  ion  of  tbe  Cambrian  mecbsn- 
ical  eedimenta.     Assuming  dilTereiil  Tales  iif  eronion  we  may  obtain  time*  differing 
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sand  HD<1  tbe  2,00U  fe«t  in  tlie  upper  portion  of  tlie  Garbouiferous, 
while  the  sbules  of  the  upper  Devoniau  accumulatetl  more  slowly.  In 
this  coDiiection  we  must  bear  in  miud  that  during  the  Ion;;  periods  in 
which  the  ealcareous  sediments  forming  the  limestones  were  being  de- 
[Ktsited,  tbe  tributary  land  areas  were,  in  all  probability,  base  levelR  of 
erosion,  and  cliemical  denndutiou  was  preparing  a  great  supply  of 
mechanical  material  that,  on  the  raising  of  the  land,  was  rapidly  swept 
into  the  sea  and  distributed.  In  tbismanner  the  time  i)ericid  of  actual 
inectaanica)  denudation  was  materially  shortened,  yet,  on  account  of 
the  manifestly  slower  depositions  of  the  Devonian  shales,  the  rate  of 
denudation  should  be  assumed  as  less  than  during  Cambrian  time. 

In  post-Cambrian  time  the  area  of  the  land  surface  was  materially 
reduced  by  subsidence,  which  did  nut,  however,  greatly  extend  the 
Gordilleran  sea,  and  it  may  fairly  be  estimated  at  600,000  square  miles. 
Tbe  depth  of  mechanical  sediments  already  estimated  is  5,000  feet  and 
their  volume  2,000,000,000  mile  feet.  Dividing  the  volume  by  the  area 
of  erosion  we  get  3,.')00  feet  as  the  depth  of  erosion  required. 

Again,  applying  different  rates  of  erosion  with  allowance  for  nlow 
progress  of  degradation  during  Devonian  time,  we  have: 

I'oil-Cambriai  tHei^hanicat  ledimenlf. 


1  foot  In  3.000  yonn.. 


Tinio  required  for     -.,. 


ilepoaltloD 
milu,  fur  5.1 


>.9M.DtHI  y«»  ....   1  foot  In  l.WW  ywn.nr  0,  OOG  Inch  p«r  Ul- 
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The  rate  of  1  foot  in  200  years  is  assumed  as  tbe  most  probable  and 
660,000  years  as  the  time  required  for  the  removal  and  deposition  of 
the  5,000  feet  of  post-('ambrian  mechanical  sediments. 

There  is  one  factor  that  may  need  to  be  taken  into  consideration  in 
estimating  the  time  duration  of  the  deposition  of  the  mechanical  sedi- 
ments of  the  ('ambriau  and  pre{  t)-Canibriau  of  the  noctbern  portion  of 
tlie  Cordilleran  sea  that  would  materially  lengthen  the  period.  Dr. 
George  M.  Dawson  describes  the  Nisconlith  series,  especially  in  the 
Selkirk  range  of  Briti-sh  Columbia,  ns  composed  of  "blackish  argillite- 
schists  and  phyllites,  generally  calcareous  with  some  beds  of  limestone 
and  quartzite,  15,000  feet."*  It  is  correlated  with  the  Bow  Kiver 
series,  which  contains,  in  the  upper  ]>ortion,  the  lower  Cambrian  fauna. 
The  presence  of  these  calcareous  beds  indicates  a  slower  rate  of  de[M>- 
Bition  than  we  have  estimated  for  the  lower  portion  of  the  Cambrian 

•Hull.  (leol.  Soc.  Am.,  IKfll,  v(il.,ii,  p.  168. 

r  ■,:;;.  ..Google 


326  OEOLOOIC   TIUB. 

series  over  tbe  greater  part  of  tUe  Oordillerau  sen;  but  as  yet  the  corre- 
lation with  the  Betlimeuts  of  the  (Jordilleran  sea  is  iiot  sufHciently 
well  established  to  warrant  our  allowing  a  greater  time  period  to  the 
Cambriiin  on  this  account. 

Estimates  from  chemical  sedimentation. — We  have  estimated  that  the 
Paleozoic  sediments  of  the  Gordillerau  sea  contain  2,007,244,800,000,000 
[2  thousand  trillion]  tons  (900,000,000  mile-feet)  of  carbonate  of  limo 
which  was  derived  by  organic  or  chemical  agencies  firoui  tbe  sea  water 
to  which  it  was  contributed  by  the  land.  If  oceanic  circulation  conld 
be  excluded  from  tbe  problem  we  might  proceed  directly  to  estimate  the 
time  required  to  obtain  this  amount  of  lime  from  the  land  area  tribatary 
to  theCordillerau  sea.  It  may  be  well  to  make  such  an  estimate  on  the 
basi^  that  the  area  of  denudation  tributary  to  the  Gordilleran  sea  in  post- 
middle  Cambrian  time  had  000,000  square  miles,  from  which  30,000,000 
tons  of  carbonate  of  lime  and  12,000,000  tons  of  sulphate  of  lime  were 
derived  per  annum*  if  we  assume  T.  Mellard  Keade's  rate  of  erosion — 
of  .50  tons  of  carbonate  of  lime  and  20  tons  of  sulphate  of  lime  per 
square  mile  per  anunm.  If  all  of  the  42,000,000  tons  (equal  to  18-8  mile- 
feet)  per  annum  were  deposited  within  tbe  limits  of  the  Gordillenui  sea, 
it  would  have  taken  47,790,000  years  for  the  accumulation  of  the  carbo- 
nate of  lime  now  estimated  to  have  been  de]>08ited  in  the  Oardilleran  sea. 
Such  a  result  is  manifestly  a  maximum,  based  on  the  consideration  of 
one  set  of  phenomena.  lu  addition,  however,  to  this  supply  of  calcium 
the  gc4igraphic  conditions  appear  to  have  been  favorable  to  tbe  free 
circulation  of  oceanic  currents  through  tlie  Oonlilleran  sea,  and  the 
temperature  was  favorable  to  extensive  evaporation  and  to  the  devel- 
opment of  organic  life,  as  shown  by  the  occurrence  of  corals  in  the 
Middle  and  Upper  [Ktrtious  of  the  Paleozoic,  from  the  Mackenzie  River 
basin  on  the  north  to  southern  Nevada  on  the  south.  These  condi- 
tions would  reduce  the  time  necessary  for  the  deposition  of  the  carbon- 
ate of  lime. 

Ocean  water  of  the  present  time  contains  in  solution  151,025,000 
tons  of  solid  matter  per  cubic  mile,  which  is  divided  among  various  aalte. 
A  comparison  of  tbe  matter  in  the  sea  and  river  water  shows  that  the 
sea  contains  3.85  parts  of  magnesium  to  1  of  calcium,  and  river  water 
contains  3  parts  of  calcium  to  1  of  magnesium.  The  silica  and  alumina 
of  the  river  water  disappear  in  sea  water,  while  the  sodium  is  accu- 
mulated. It  is  from  tliese  considerations  and  the  fact  that  limestones 
are  so  largely  formed  of  carbonate  of  lime  that  I  have  taken  the  latter 
as  a  basis  for  estimates  upon  tbe  rate  of  chemical  sedimentation,  an 
allowance  being  made  for  the  presence  of  silicA,  alumina,  and  magne- 
sium in  thelim 


'Meattra.  Murray  and  Reuftrd  consider  tbat  organiaiuH  have  the  power  of  aecmting 
the  narbunate  of  lime  from  the  sulphate  of  lime  contained  in  tbe  sea  vater  Uj  chem- 
ical reaction.  For  an  account  of  the  chemical  action  that  taltes  place  lu  tbe  sea 
water  see  rei>ort  of  tbe  Deep-sea  Deposits  of  tbe  ChalUager  Eipedition. 
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Rate  of  ^^ontion  in  recent  AepotiU. — Of  the  rate  of  deposition  in 
recmt  ilttpositt)  Messrs.  Murray  ami  Kenanl  state,  in  their  report  on 
the  deep-seu  deposits,  that — 

"  It  must  be  ndmitteil  that  at  the  present  time  we  have  no  definite 
knowledge  as  to  the  absolute  rat«  of  accamulatioii  of  any  deep-sea 
deposit,  although  we  have  nome  information  nrid  some  indications  as 
to  the  relative  rate  of  accniuulatioii  of  tlx:  difiereiit  types  of  deposits 
among  themselves.  The  most  rapid  accumulation  appears  to  take 
place  in  the  terrigenous  depostt»,  and  especially  in  the  Blue  Muds,  not 
far  removed  from  the  embouchures  of  targe  rivers.  Here  do  great  time 
woald  seem  to  have  elapsed  since  the  deposit  wiis  formed,  so  far  at 
least  as  the  materials  oollectetl  by  the  dredge,  trawl,  and  sonuding  tube 
are  concerned. 

"Around  some  coral  reefs  the  accnnmliition  must  be  rapid,  for, 
although  pelagic  species  with  calcareous  shells  may  he  numei'ous  in 
the  tiurfiice  waters,  it  is  often  impossible  to  detect  more  than  an  occa- 
sional pelagic  slieli  amonfj  the  other  cakrareous  dt-bri8«f  the  deposits. 

"  The  pelagic  deposits  iis  a  whole,  having  regard  to  the  nature  and 
condition  of  their  orgaoie  and  miueralogical  constituents,  evidently 
accnmulnte  at  a  nmch  slower  rate  than  the  terrigenous  deposits,  in 
whicli  the  materials  washed  down  from  the  land  play  so  large  a  part. 
Ttie  l*teroi>od  anil  Globigerinu  oozes  of  the  tropical  regions,  being 
chiefly  made  up  of  the  calcareous  shells  of  a  much  larger  number  of 
trajiical  s]>ecieH,  must  necessarily  accumulate  at  a  greater  rate  than  the 
Globigerinaoozes  in  extra- tropical  areas  or  other  organic  oozes.  Diatom 
ooze,  being  composed  of  both  calcareous  and  siliceous  orf^anisms,  has, 
again,  a  more  rapid  rate  of  deposition  than  the  Kadiolariau  ooze,  while 
in  a  Ked  Clay  there  is  a  minimum  rate  of  growth."* 

Prof.  James  1).  Dana  estimates  that  the  rate  of  increase  of  coral  reef 
limestone  formations,  where  all  is  most  favorable,  does  not  exceed  per- 
haps a  sixteenth  of  an  inch  a  year,  or  5  feet  in  1  OOti  years.  Of  this  he 
says:  "And  yet  such  limestones  probably  form  at  a  more  rapid  rate 
than  those  made  of  shells.''t 

Messrs.  Murray  and  Irvine,  in  their  valuable  paper  on  coral  reefs 
and  other  carbonate  of  lime  formations  in  modern  seas,  calculate  the 
total  amount  of  calcium  in  the  whole  ocean  to  bo  <>28, 340,000,000,000  [628 
trillion]  tons;  also  they  estimate  that  92.'),8()G,500  tons  of  cnlcium  are 
carried  into  the  ocean  from  all  the  rivers  of  the  globe  annually.  At  this 
rate  it  would  take  680,000  years  for  the  river  drainage  from  the  land  to 
carry  down  an  amount  of  calcium  equal  to  that  at  present  existing  in 
solution  in  the  whole  ocean.  They  say  further;  "Again,  taking  the  C'/tal- 
lenger  deposits  as  a  guide,  the  amount  of  calcium  in  these  deposits,  if 
they  be  22  feet  thick,  is  equal  to  the  total  amount  of  calcium  in  solution 
in  the  whole  ocean  at  the  present  time.  It  follows  from  thisthat  if  the 
salinity  of  the  ocean  has  remained  the  same  as  at  the  present  during 
the  whole  of  this  period,  then  it  has  taken  6S0,000  years  for  the  deiwsits 
of  the  above  thickness,  or  containing  calcium  in  amount  eijual  to  that 

'Report  OH  Ihe  acientifiv  remilla  of  tbevogagr  of  H.  M.  S.  Challmyrr;  Dtep-Sea  DtpoHU. 
1891,  pp.  411-412. 
ICoraU  and  Carat  Ulandt,  3d  ed.,  1890,  pp.  396, 397' 
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at  preaeot  iu  wlnfitNi  iu  the  oeeui.  to  have  aeeoBiiilated  on  die  floor  of 
tlie  wxau."*  A«eordiDg  to  lliia  t^alcnlaOoo  tbe  mean  rate  of  accmnu- 
latiou  oA'^r  exit^iog:  oreanir  areas  is  r?£u »•  <>r  <HMKNI32  feet  per  anDuiD. 

Wa*  depmation  of  ek^mUal  aetlimnUt  miore  rapid  dmring  Paleozoic 
titK€  T — It  hae  been  claiiued  that  tlie  fiaaalitT  of  lime  poured  into  the 
oceau  ill  trarli^  times  was  greater  tban  dnriag  tlie  later  epochs  of  neo- 
litgical  liistory,  tliis  arising  from  the  more  rapid  disiotegration  of  the 
AfL-beau,  <'r;KtalUae,  and  volcanic  rnctR.  It  is  nodonbtedly  a  fact  that 
the  ot-eati  vas  stodied  id  Archeao  and  Algonkiaa  tinieK  with  matter  io 
Kulutioo  that  prodaced  salinity,  but  ire  have  no  evidence  from  chemi- 
cal [Hecipitation  that  more  calt'inm  vas  i>onred  into  it  than  coald  be 
retained  in  solatiou.  The  Laarentian  limestones  are  crjrBtalline,  but, 
as  ha«  be«-[i  sbowii.  this  texture  is  coiisisCcut  vitb  either  chemical  or 
orgatiic  origin.  The  uaaltered  limestones  of  the  AJgoukiaii  rocks  of 
the  Colorado  caoyou  section  shov  traces  of  life  in  thin  sections,  and 
they  may,  to  a  great  extent,  be  of  oi^^nio  origin.  There  is  no  evidentie 
in  tbe  textare,  Itedding,  or  composition  of  ancient  limestones  to  indi- 
cate that  they  were  dei>osite(l  under  <-onditions  of  salinity  or  of  supply- 
differing  materially  from  those  of  the  present,  and  1  do  not  find  that  we 
have  reason  to  believe  that  the  deposition  of  the  carbonate  of  lime  was 
more  rapid  iu  the  Paleozoic  than  daring  the  Mesozoic  and  Ceuozolc 
times,  even  though  the  supply  from  tlie  land  may  have  been  greater. 
Where  the  conditions  were  favorable  for  the  depositJon  of  lime,  as  in 
the  Cretaceous  sea  of  northern  Mexico,  we  find  evidence  of  an  immense 
accnuialation  of  calcareous  sediments.  Of  the  amount  of  calcareous 
deiMiBits  ill  the  seas  out-^ide  of  the  continental  areas  that  are  not  open 
to  our  ins[>ection  we  know  nothing,  but  judging  from  the  deposition 
that  is  going  on  to-day  in  tbe  great  oceans,  the  accumulation  of  calca- 
reoos  sediment  has  gone  on  in  the  past  as  steadily  aud  uninterruptedly 
as  at  present,  subject  to  varying  eouditious  of  temperature,  life,  depth 
of  water,  etc. 

Arm  of  deposition  in  Paleozoic  timc—Vse  have  no  proof  that  the 
Hiiliuity  of  the  sea  or  tbe  amount  of  calcium  containe<l  in  it  has  varied 
from  age  to  age  since  Algonkiaii  time.  If  it  has  not,  all  of  the  cal- 
cium poured  into  the  ocean  during  2,000.1100  years  would  have  about 
efiualed  the  amount  now  contained  in  the  lime.''toues  of  tbe  Uordilleran 
area.  We  have,  however,  to  account  for  the  calcium  deposited  in  the 
interior  Mississippiau  sea  and  the  seas  over  other  )>ortions  of  this  eon- 
tiueut  and  other  continentiil  areas  and  on  portions  of  the  floor  of  the 
oct'un  that  are  not  now  accessible  for  observation.  It  is  also  to  be  cou- 
sideied  that  the  laud  arciis  subject  to  denudation  iu  Paleozoic  time 
were,  iu  all  probability,  of  no  larger  extent  than  at  the  present  time. 

Tbe  area  of  dry  land  to-day  is  estimated  to  be  i>5,000,000  squaie 
miles,  aud  of  oceans  137,200,000  S4)uare  miles.) 

'Cogal  Sac.  EdinhHi-i/lt.  18!<0.  vul.  xvii,  p.  101. 

Murray,  Scullink  Geog.  Mag..  I8H8,  vol.  iv,  p.  40. 
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Mr.  T.  Mellard  Keado  estimates  tbe  area  of  the  Paleozoic  formations 
of  Biiroi>e  nt  4>4.j,COU  square  miles  in  the  total  area  of  3,720,500  square 
miles,  ilia  estimate  of  the  Paleozoic  area  is  of  that  which  is  exposed 
at  the  itreseiit  time  aud  does  not  include  that  which  is  concealed 
beneath  other  formations.  I  think  it  will  be  a  miDimum  estimate  to 
consider  that  an  equal  area  is  covered  by  the  later  formations,  which, 
with  that  esjMtsod,  would  give  in  round  numbers  1 ,290,000  sqnare  miles, 
or  one-third  of  the  laud  iuea  of  Europe.  In  North  America  nearly 
one  half  of  the  total  area  was  covered  by  the  Paleozoic  sea;  in  South 
America  it  was  considerably  Icsh;  and  we  know  too  little  of  the  Asiatic 
and  Afriean  continents  to  place  any  estimate  upon  their  Paleozoic 
areas.  I  think,  however,  if  we  take  one-fourth  of  the  present  hmd 
area  as  the  territory  covered  by  the  Paleozoic  seas  we  shall  be  con- 
siderably within  the  actual  amount,  even  if  we  add  to  the  surface  of  the 
continents  the  margins  of  the  continental  platforms  now  beneath  the 
sea.  Deducting  the  one-fourth  from  the  total  land  area,  there  remain 
41,250,000  sqnare  uules  as  the  land  area  undergoing  denudation  during 
Paleozoic  time.  It  may  be  claimed  that  large  areas  in  the  archipelago 
region  of  tbe  Pacific  and  in  the  Arctic  ocean  may  have  been  laud  areas 
at  that  time.  To  meet  this,  8,750,000  square  miles  may  be  added  to 
the  41,250,000  giving  a  total  of  50,000,(HH>  sqnnre  miles  as  tbe  land 
area  of  Paleozoic  time. 

The  estimated  areas  of  the  various  deep-sea  deposits  of  to-day  con- 
taining a  large  )>ercentage  of  tlie  carbonate  of  lime,  are  aa  follows: 
fHobigerina  ooze,  49,520,000  square  miles,  mean  percentage  of  carbouate 
of  lime,  64-5:);  Pteropod  ooze,  400,000  sqnare  miles,  percentage  of  car- 
bonate of  lime,  79-20;  coral  mud  and  sand,  2,550,000  square  miles, 
mean  percentage  of  carbonate  of  lime,  SC-41.  In  addition  to  this, 
Diatom  ooze  covers  an  area  of  10,880,000  square  miles,  with  22-06  per- 
centage of  carbonate  of  lime;  aud  the  mean  percentage  of  carbonate  of 
lime  in  the  Blue  Mud  and  other  terrigenons  deposits  that  cover  16,0.jO,000 
square  miles  is  19-20.  If  we  consider  only  those  deposits  containing 
over  64  x»er  cent  of  carbimat«  of  lime,  we  have  02,^00.000  sqnare  miles, 
over  which  there  is  at  the  present  time  a  deposition  of  the  carbonate  of 
lime  being  matle.  Wo  have  roughly  estimated  that  in  Paleozoic  time 
the  area  of  the  Paleozoic  sen,  in  which  deposits  were  being  accumu- 
lated, was  over  13,000,000  square  miles.  It  does  not  appear  that  there 
is  any  good  reason  to  suspect  that  the  area  of  deposition  of  the  i-ar- 
bonate  of  lime  in  the  open  ocean  during  Paleozoic  time  was  not  fully 
equal  to  that  of  the  present  time.  Adding  this  area  of  52,500,000  to  tbe 
13,750,000,  we  have  over  60,000,000  square  miles  as  the  ]>robable  area 
in  which  calcium  was  being  deposited  in  Paleozoic  time. 

Cimilitions  favorable  for  a  rapid  de2>o*ilion  of  ike  carbonate  of  lime. — 
The  conditions  most  favorable  for  the  rapid  accumulation  or  deposition 
of  the  carbonate  of  lime  through  organic  or  chemical  agency  are  warm 
water  aud  a  constant  supply  of  water  throngb  circulatiim  by  currents. 
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This  is  shown  by  the  immeuse  abundnuce  of  life  where  the  margin  of 
the  coiitineut^l  phitean  is  touehetllty  the  <>iilf  Stream.  Another  favor- 
able condition  in  the  supply  of  eartmnate  of  lime  by  river  water  directly 
into  the  ocean  in  the  vi<'inity  where  the  degrasitinn  of  lime  is  going  ou 
either  throngh  orgaDJc  or  inorganic  agencies.  This  is  well  illnstrated 
by  the  conditions  produced  by  the  (iiilf  Stream.  The  oceanic  currents, 
I>as8ingaloiigthenortheasterncoastof  South  America,  Bweep  the  waters 
of  the  Amazon  through  the  C.'uibheau  Sea  into  the  Gulf  of  Mexico, 
where  they  meet  tlie  vast  volume  of  water  coming  trom  the  Mississippi. 
These  are  poured  out  through  the  narrow  straits  between  Florida  and 
Cuba  and  carried  northward  over  Che  sloping  margin  of  the  contiueii- 
tal  plateau.  T'nder  such  favorable  conditions  the  deposit  must  be 
much  greater  than  in  areas  where  there  is  little  circulation  aud  the 
supply  of  calcium  is  limited  to  the  average  which  is  contained  in  sea 
water.  If  to  the  prece<ling  there  be  added  extensive  evaporation  within 
a  partially  inclosed  sea,  the  rate  of  deposition  of  matter  in  solution 
will  be  largely  increased. 

Estimule  from  flepoxttiott  of  caleium  lierlrtil  from  Cordilteran  sea  and 
the  outer  ocean,  and  from  the  deposition  of  meekanieal  sediment*. — ^The 
area  over  which  calcareous  dejmsitiou  was  going  on  during  Paleozoic 
time  we  have  estimate*!  at  (S4i,0<)0,4N>0  atiuare  miles,  which  includes  the 
areas  of  the  seas  over  the  continental  platforms  and  those  of  the  sur- 
rounding oceans.  As  the  conditions  appear  to  have  beeu  more  favor- 
able for  the  deiK>sitiun  of  lime  iti  the  Cordilleran  and  Appalachian  seas, 
we  will  acisuuie  that  it  was  four  times  that  of  the  o]>en  oceans.*  With 
a  land  area  of  50,000,000  s<iuare  miles  and  a  rate  of  chemical  denuda- 
tion of  70  tons  per  square  mile  per  annum,  the  total  calcium  contributed 
to  the  ocean  per  year  during  Paleozoic  time  would  be  3, ■~>00,000,000  tons, 
or  378  time»  as  much  as  that  estimated  per  annum  at  the  present  time, 
which  is  !)25,8tr6,500  tons.  This  would  have  provide<l  50*7  tons  for  de- 
position per  annuni  pur  square  mile  in  the  65,000,000  square  miles  of 
ocean  and  seas,  and  202-8  tons  for  de|M)8ition  per  annum  per  square  mile 
in  the  400,000  B(|uuro  miles  of  the  Cordilleran  and  600,000  square  mUes 
of  similar  seas.  On  this  basis  81,120,000  tons  (36-4  mile-feet)  were  con- 
tributed perannum  from  the  ocean  water  to  the  deposit  in  the  Cordilleran 
sea;  adding  to  tfais  the  42,000,000  tons  {lS-8  mile-feet)  contributed  per 
annum  by  the  denudation  of  the  surrounding  area  to  the  Cordilleran 
sea,  we  have  123,120,000  tons  (55-2  mile-feet)  as  the  amount  available 


'  Undor  tlio  reiliK-ttoii  of  TiO  per  rent  for  tliu  Jiiterbediled  anil  iutermiugleil  miicliati- 
ical  sviIinioiitH  and  25  piT  ri-ot  fi>r  otiier  niat«ria)  tliuti  cakiniu  dcpoeiled  froin  solu- 
tion, llie  n|>pori'ut  amoinit  of  catcinm  depuBitvd  in  the  CordillersD  aea  ivaa  greatly 
rediiccil.  If  tliU  same  ratio  of  rodnctiuo  is  applied  to  other  Pal^oxuic  limestone 
arena  I  doubt  if  over  1,000,000  square  miles  will  be  found  to  contain  an  large  on 
average  amonnt  of  raicium  per  8i|narenii1e  a»  tlic  CoTililleraunrea.  On  this  aciJOiiiit 
1,000,000  HI) nar«  milcflia  the  iireu  taken  for  the  greater  rale  of  deposition  of  calcinm 
during  Faleuiioic  time. 
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for  deposit  per  anntim  in  the  Cordillerati  sea.  At  this  rate  it  irould  have 
required  16,300,000  years  to  have  deposited  the  2,007,244,800,000,000 
\'2  thousand  trillion)  tons  (900,000,000  mile-feet)  of  calcium  in  the  Cor- 
dilleran  sea;  adding  to  this  the  1,200,000  years  estimated  for  the  depo- 
sition of  the  inechaDical  sediments,  we  have  a  total  of  17,500,000  years 
as  the  duration  of  Paleozoic  time. 

In  reviewing  the  preceding  estimates  we  must  consider  that  through- 
oDt  I  have  increased  the  various  factors  above  those  usually  accepted — 
thus  for  mechanical  sedimentation  the  erosion  of  1  foot  in  20U  years  is 
used.  If  the  usually  acc«pted  average  of  1  foot  in  3,000  years  is  taken 
the  time  period  must  be  increased  fifteen  fold  (21,000,000  years),  or  the 
area  of  denudation  from  1,600,000  square  miles  to  24,000,000,  or  three 
times  the  present  area  of  the  Korth  American  Continent. 

In  the  estimate  for  the  amount  of  chemical  denudation,  the  largest 
average  is  taken — 70  tons  of  caJcinm  per  square  mile  i>er  annum — and 
the  assumption  made  that  all  calcium  derived  from  the  adjoining  drain- 
age area  was  deposited  within  the  Cordilleran  sea.  Agcun,  the  total 
supply  provided  per  annum  to  ocean  waters  of  Paleozoic  time  is  taken 
as  3*78  times  greater  than  the  amount  annually  contributed  to  ocean 
waters  to-day;  of  this  four  times  as  much  is  assumed  to  have  been 
taken  out  per  annum  per  square  mile  in  the  Cordilleran  sea  as  was 
taken  by  the  remaining  area  in  which  c-,alcinm  was  being  deposited. 

The  area  of  the  Cordilleriin  sea  is  given  as  400,000  sqnare  miles,  but 
it  was  probably  600,000,  if  not  much  more.  It  may  be  claimed  that  the 
area  tributary  to  the  Cordilleran  sea  was  greater  than  I  have  estimated. 
The  evidence,  such  as  it  is,  is  against  such  a  view.  As  a  whole,  I  tliiuk 
the  estimate  of  17,500,000  years  for  the  duration  of  Paleozoic  time  in 
the  Cordilleran  area  is  below  the  minimum  rather  than  above  it. 

If  the  estimated  rate  of  the  deposition  of  coral  limestones — 5  feet  in 
1,000  years — given  by  Prof.  James  D.  Dana  is  correct,  tlie  19,000  feet 
of  Paleozoic  limestone  in  central  Kevada  would  have  required  3,800,000 
years  to  have  accumulated  under  the  most  favorable  local  conditions 
surrounding  a  coral  reef.  With  the  exception  of  large  deposits  of 
corals  in  Devonian  rocks  no  appearance  of  a  coral  reef  is  recorded  iu 
the  Cordilleran  area. 

TIME    RATIOS   OF   GEOLOGIC   PKBIODS. 

The  time  ratio  adopted  by  Prof.  James  D.  Daua  for  tlie  Paleozoic, 
Mesozoic,  and  Cenozoic  periods  is,  12,  3,  and  1,  respectively."  I'rof. 
Henry  S.  Williams  applies  the  term  geochronologp,  giving  the  standard 
time  unit  used  the  name  geochrone.  The  geochrone  used  by  him  in 
obta'-ning  a  standard  scale  of  geochronology  is  the  period  represented 
by  the  IWene.  His  time  scale  gives  15  for  the  Paleozoic,  3  for  the 
Mesozoic,  anti  1  for  the  Cenozoic,  including  the  Quaternary  and  the 
Becent.t 

•  Manual  of  Geologg,  1875,  p.  r.86,  .  , 

i  Journal  0/ Gtologg,  Chicago,  1893,  vol.  I,  pp.  294,296.        .tltlQlC 
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The  Rev.  Samuel  Hoiiglitou  obtained  tbe  fuHowing  time  ratios  from 
tbe  maximiiiu  tbiokiiess  of  istmta  as  tbey  occur  in  Europe: 


ScaU  0/  geological  limt. 


Fruiii  theory  uf  :  *^^?"; 

I  onnfiig  globe.  ;      ,,„S!! 


He  drawn  from  this  the  principle:  "  The  proper  relalire  measure  of 
geological  periods  is  the  maximum  thickness  of  the  strata  formed  during 
tkoKe  periods.'^* 

In  coiiaideriiig  tbe  time  ratios  for  the  Paleozoic,  Mesozoio,  and  Ceno- 
zoic  rocks  of  the  North  American  coutineDt  aa  given  by  Daaa  aod 
Williams,  I  tbink  that  a  too  small  proportion  lias  been,  given  to  the 
MeBOzoic  and  Cenozoic.  In  the  Mesozoii;  of  the  western  central  area 
occur  the  coal  dejioaits  of  the  Laramie  series  and  tbe  great  development 
of  limestones  (from  10,000  to  20.000  feet)  in  tbe  Cretat'cous  of  Mexico. 
Tbe  limits  of  this  paper  do  not  permit  of  a  discussion  of  the  avtulable 
data  bearing:  uiKtu  geologic  time  ratios;  but  from  a  comparison  of  the 
Paleozoic,  Mesozoio,  and  Cenozoic  strata  and  tbe  geologic  phenomena 
accompany iiig  their  deposition,  I  would  increase  the  comparative  leugtU  . 
of  tbe  Mesozoio  and  ('enozoic  periods  so  that  the  time  ratios  would  be: 
Paleozoic,  12;  Mesozoic,  5;  Cenozoic,  incladiug  Pleistocene,  2. 


DURATION    < 


■    PO.ST-ABl!HEAN  OEOUHJIC   TIME. 


Taking  as  a  basis  17,500,000  years  for  Paleozoic  time,  and  the  time 
ratios  12,  5,  and  2  for  Pnleozoic,  Mesozoic,  and  Cenozoic  (including 
Pleistocene),  respectively,  the  Mesozoic  is  given  a  time  duration  of 
7,240,000  years;  tbe  Cenozoic,  of  2,900,000  years,  and  the  entire  series 
of  fossiliferous  sedimentary  rocks,  of  27,050,000  years.  To  this  there 
is  to  be  added  tbe  jierioil  in 'which  all  of  the  sediments  were  deposited 
between  the  basal  crystalline  Arcbean  complex  and  tbe  base  of  tbe 
Paleozoic.  Not  withstanding  the  immense  accumulation  of  mechanical 
sediments  in  this  Algonkian  time,  with  their  unconformities,  and  the 
great  differentiation  of  life  at  the  beginning  of  Paleozoic  time,  I  am  not 
willing  with  our  present  information  tn  assign  a  greater  time.jteriod  than 
that  of  tbe  Paleozoic — or  17,500,000  years.  Even  this  seems  excessive. 
Adding  to  it  the  time  period  of  the  fossiliferous  sedimentary  rocks,  tbe 
result  is  45,150,000  years  for  post-Arcliean  time.     Of  the  duration  of 
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Arcfaeati  or  pre-AlgODkiaa  time  I  bave  no  eRtimnto  bused  on  a  Htody  of 
ArcheaQ  strata  to  offer.  If  we  assume  Hongliton's  estimate  of  33  per 
cent  fov  the  Azoic  period  and  (>7  per  cent  for  the  sedimentaiy  rorks, 
Archean  time  would  lie  represented  by  tlie  period  of  22,250,000  years. 
Iq  estimating  for  the  Arcbean,  Hongbton  included  a  large  series  of 
strata  that  are  now  placed  in  tlio  Atgonkiun  of  the  Vroterozoic  of  the 
U.  S.  Geological  Survey;  and  I  think  tbat  his  estimate  la  more  than 
one-half  too  large;  if  so,  10,000,000  years  would  be  a  fair  estimate,  or 
rather  conjecture,  for  Arehean  time. 


It  is  easy  tj>  vary  tliese  results  by  assuming  different  values  for  area 
and  rate  of  denudation,  tbe  rateiif  deposition  of  carbonate  of  lime,  etc.; 
but  there  remains  after  each  attempt  I  have  made  that  was  based  on 
any  reliable  facts  of  thickness,  extent,  and  character  of  sti-ata,  a  result 
that  does  not  pass  below  2.5,000,{MH)  to  30,000,000  years  as  a  minimum 
and  60,000,000  to  70,000,000  years  as  a  masimum  for  i>0Rt- Ai-cbean  geo- 
logic time. 

I  bave  not  referred  to  tbe  rate  of  development  of  life,  as  that  is 
virtually  controlled  by  conditions  of  environment. 

In  conclusion,  geologic  time  is  of  great  but  not  of  indeHuite  duration, 
I  believe  tbat  it  can  be  measured  by  tens  of  millions,  but  not  by  single 
millions  or  hundreds  of  millions,  of  years. 


Oil  the  map  (Plate  xvi)  tbe  hypothetical  areas  of  tbe  Cordillenin, 
Mississippian,  and  Appalachian  seas  arc  clearly  indicated.  Tbe  land 
area  west  of  the  Oordillorau  seiv  is  numbered  No.l,  and  tbe  Californian 
sea  and  the  area  of  Paleozoic  deposits  of  western  British  Columbia, 
No.  10.  The  northern  extension  of  the  Gordilleran  sea  (No.  9)  is  con- 
tiinied  as  tbe  Paleozoic- Devon  Ian  sea  to  the  Arctic  Ocean.  The  early 
Cambrian  land  area  (No.  2)  east  of  tbe  Cordilleran  aea  must  have  been 
more  or  less  covered  by  water  during  later  Paleozoic  time.  Tbe  area 
now  covered  by  Mesozoic  deposits,  indicated  by  No.  3,  was  presumably 
covered  by  the  westward  and  northward  extension  of  the  Paleozoic- 
Mississippian  sciu  Tbe  area  east  of  the  Appalachian  sea  is  indicated 
by  No.  4;  and  the  supposed  land  barrier  between  the  Hudson  Bay  and 
the  Mississippian  sea  by  No.  (i;  it  is  nctt  improbable  tbat  during  Ordo- 
Tician  or  Silurian  time  a  sea  may  bave  connected  tb«  t^o,J^f^^|^eas. 
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The  re^on  to  the  sontb,  indicated  by  No.  5,  is  nappnsed  to  have  bees 
covered  by  the  fwuthwanl  exteiiBioa  of  the  Appalachiait,  Mississippian, 
and  Cordilleran  »eas.  It  is  row  covered  by  deposits  of  Mesozoic  and 
Cenozoie  age. 

A  more  detailed  description  of  the  map  can  be  gained  fi-oui  the  sec- 
tion on  the  growtit  of  the  continent  and  OR  the  geographic  conditioDS 
accompanying  the  different  depositions  of  Paleozoic  sedimeots  iu  the 
Gordillerau  sea. 
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THK  AGE  OF  THE  EARTH- 


By  Olarrncb  King. 


Among  the  varionB  attempts  to  «Htimate  geological  time  Done  lias 
offered  a  more  attractive  field  for  lurMier  tievelopmeut  tliaii  Lonl  Kel 
vin's  mode  of  limiting  tbe  eartli^s  age  from  con.sideratioii8  of  itti  prob 
able  rate  of  refrigeration,  iHiblislied  in  1862.i  At  tliat'  time  tbe  conse- 
qiiences  of  his  physical  reasoning  could  not  be  fully  applied  to  the  con- 
ditioiis  within  the  earth,  so  as  to  tetit  the  probability  of  bis  bypotUet- 
ical  ease,  for  vantof  positive  knowledge  of  certain  properties  of  rocks, 
particularly  the  volume  vbauges  of  melted  rock  in  approaching  and 
experiencing  congelation,  and  tbe  qualitative  and  quantitative  effects 
of  pressure  upon  the  fusion  and  freezing  poiuts.  Data  then  lacking  are 
for  the  first  time  available,  and  with  them  it  is  proposed  to  apply  a  new 
criterion  to  tbe  gradient  of  Ixird  Kelvin  and  to  comjiare  with  it  other 
cases  of  more  probable  earth-temperature  distribution,  which  shoold 
have  the  effect  of  advancing  bis  method  of  determining  the  earth's  age 
to  a  further  order  of  importance. 

Accepting  the  hitherto  nusbaken  results  of  Kelvin  and  G.  A.  Darwin 
as  to  the  tidal  effective  rigidity  of  the  earth,  and  tiie  further  argument 
for  rigidity  advanced  by  Prof.  S.  Newcombt  fi'Oin  the  data  of  the  lately 
ascertained  periodic  variation  of  terrestrial  latitude,  as  together  war- 
ranting a  firm  belief  in  tbe  rigid  earth,  it  follows  that  solidity  may  be 
used  as  a  criteriou  to  test  tbe  probable  truth  of  mauy  cases  of  earth 
temperature  distribution ;  at  least  so  far  as  to  Justify  the  rejectiou  of 
such  as  involve  considerable  liquidity  of  the  upper  couches.  In  an 
earth  of  which  the  sui>erficial  quarter  of  radius  is  composed  of  mate- 
rials that  contract  from  tbe  fluid  condition  toward  and  in  the  act  of 
congelation,  any  temperature  gradient  in  which  the  downward  heat 
augmentatiou  exceeds  the  rate  by  which  iidvaiu^ing  iiressure  raises  tbe 
fusion  point,  would  obviously  reaeb  a  fused  coucbe,  and  all  such  distri- 
butions may  be  rejected  as  violating  tlie  requirements  of  rigidity. 

*  From  Aiuerkan  JoHrnal  of  Seirare,  .)RDiiary,  1H93,  3il  Bcrfes,  vol.  xi.v,  pp.  t-20. 
i  JVeatiit  on  Natural  I'kiloaophy,  TLomsou  &  T»it,  I'nrt  'i,  At>i><'tiili\  D. 
t  Uvnthlif  Nitlittt  of  (A*  lioyal  ^utronomvei  Sofitly,  1092,  vol.  uii,  No.  5, 
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A  rwfiit  iiivi>sti<:ittu>n  of  the  nxik  diabase  in  it8  reiations  to  beat 
Hiitl  ))rw.Mirt>  cfffrs  tbv  I'ormerly  laokiDi;  means  of  testing  the  adiuissi- 
bilitj  of  uiHDy  inis«v  nl'  t^u^tb  temperalure  distribation  from  the  p«>iut 
ot  vu'w  tif  Ntlitliry.  Ten  yean*  ago  in  n  laboratory  established  by  me 
in  t-.nimvtioii  witu  tlu'  r.  S.  Geological  Sur\ey,  Dr.  Carl  Banijt  beg;iu 
»  st'rii'^  of  «>\tH'riuH>utal  rei^an-ht-s  (ending  toward  tbe  solation  of  some 
o(  tlit>  uiikmiwti  Imt  iiuiiortant  pmnts  of  geological  pbysies.  It  baa 
Uvii  my  )inviK't;«>  (•>  itHlicate  tbe  direetioii  of  much  of  tbe  in^guiry. 
\  lu'  initlvis(^i)ii[iiii£  tietwAfU  us  maintained  bis  entire  independence  in 
Mw  nitnlo  Aiid  |>n>htvuthin  of  the  investigations,  and  secured  for  bim  tbe 
tiilU«t  i\>M|>.>ii-itiilit>  ami  vrvtlit  for  the  purely  pbysical  results,  many 
yt  wluvlt  li,i\«>  .it  iim-rvaU  ai>[>eiire<l  in  this  and  other  journals.  For 
hmmII  «  k  iv.>it.'nv,l  tlie  (trivilejreof  niukiug  geological  applications  of 
H>,'  hii^.niti.iy  ivsiilts,  i)iie  of  the  most  important  of  these  is  Dr. 
1'iiihs.i  lnU'ly  i,-i>iu|>||>tf^l  deterniinotion  of  the  latent  heat  of  fiision, 
xpiiiHf  Ihmu  nioltt<<l  and  solid,  aud  volume  ex  pa  usioa  between  tbe 
""'"d  imd  Mu'lU'*!  sliite.  of  tlie  r\>ck  diabaw.*  To  him  I  am  also  very 
K'lifi  ntly  Jtidi'liiiHl  I'ui  ttid  in  t-onsidering  tbe  present  problem. 

1  'iMli.im.  tN  iiH  vhoMMi  l>\  iiu-  us  fairly  illustrative  of  the  probable  den- 

" '*  '""'  '■"it'l'otMioii  (if  tho  surface  OHXl  or  0-04  of  tbe  earth's  radius. 

'"   I  <Hdiin>'t  law  nf  diMtiiUitiou,  density  at  the  surface  is  taken  ai 

"'  dew  II  one  icntli  of  v.mUus  at  3\SS,  yielding  a  mean  density  of 

"''"''' leiilh  of  .l-ici  tiiul  for  the  up)>or  live-huudredtbsof  about  3. 

"'  •'"'  wiiubi  it^iiii,  II  ,.,„,;^  [ill,,  tlw  exiremely  heavy  basalt  of  Baren- 

"^  '   "it  (■.!.,  J.,,  ;|, ,  ,j  „,n,|,|  iiinnowh  cK)sely  a  fair  mean  expression  of 

'  i>"i)tv      'l'vj.1,,,1   I, |,|,.|idc  iintU'site  comes  closest  to  the  average 

'  "''  "'  Hii>  Miiiii,,!',  Imt  diitl'iise  (si>.  gr.  L*-S  to ;().  nearly  enoogb  fills 

'"  '"ii'luioi.M  „|  ,1,,.  ^|„.||  „.|,|,.|,  ihiM  study  swks  to  investigate.     The 

' ■■    ■■   ■  ^  ^  ^^^^^ uliou  ciune  from  .lersey  City,  and  was 

iilr  viviiiit.v  of  the  IVunsylvania  Railroad  cut. 
U  In  by  (I.  W.  llawes:t 


ili'ilr  ii-i|iiiii-tiieiits  make  iiecessarj' that  density 
III  111  nliclh  of  Kiicci'ssively  greater  value,  bat 
/>*>  iiiiil  llic  iiif'iiii  density  of  the  vbolc  eartb  is 

,.,     ( ,„Imi.  1">I,  nixl  .Iiiniiur7,  \sa. 

.>.'. I-I t-'^P.l'.   I'i. 


DigmzedbyGoOgle 


THE    AGE   OF    THE   EARTH.  337 

lEot  twice  tlmt  of  diiihnse,  wlience  it  Appears  tbat  no  probable  chi'inical 
dititributiou  of  inateriivl  could  result  in  a  surface  coucbe  of  0*05  of 
radins  liavio;;  a  greater  specific  gravity  tlian  3-  to  3-3, 

WaltersliaaseUjt  in  his  iutercstiiig  Hclieme  of  eliemtcal  distribution, 
attempts  to  account  for  the  augmentation  of  density  chiefly  by  the 
increaseof  the  heavy  bases,  but  Ie»vc3  the  whole  surfaeo  tenth  of  radius 
in  silicates.  Ernptionsof  alkaline  earths  or  metals  ai'e  unknown.  In 
fact,  with  the  exception  of  cartioiiates  of  superficial  origiu  the  whole 
visible  body  of  tbo  crust  is  of  silicates,  and  the  earliest  rocks  are  seen 
to  be  made  of  the  debris  of  still  older  ones.  All  that  can  bo  said  is 
that  there  is  absolutely  no  known  reason  why  tlic  surface  tenth  of  radius 
may  not  be  of  silicates,  nor  why  specific  material  of  widely  difl'ereut 
thermal  properties  from  diabase  should  be  postulated. 

The  two  principal  conditions  within  the  interior  of  the  earth,  ujion 
which  physical  state  and  all  purely  physical  reactions  of  the  specific 
materials  depend,  are  the  distributions  from  center  to  surface  of  pres- 
sure and  boat.  Hecular  or  sudden  variations  of  either  or  both  have  the 
power,  if  carried  sufficiently  far,  to  disturb  chemical  and  physical  equi- 
librium and  produce  changes  of  volume,  rigidity,  viscosity,  and  con- 
ductivity, as  well  as  changes  of  state  from  licinidity  to  solidity,  and  the 
rtverse.  Before  proceeding  to  consider  in  detail  some  of  the  results  of 
heat  and  pressure  a»  existing  in  the  surface  0-U5  of  radins,  it  is  desira- 
ble to  glance  at  the  relations  of  these  two  great  antagonistic  energies 
in  the  whole  radius.  Plate  xvii  gives  earth -pressures  from  Laplace's  law 
expressed  in  a  gratlient  of  which  the  ordinates  are  100,000  atmospheres 
(larger  divisions  1,000,000  atmospheres)  and  the  abscissie  tenths  of 
radius.  Upon  the  same  diagram  are  delineated  two  hypothetical  cases 
of  earth  teutperature,  the  abscissie  remaining  as  for  the  pressure  line, 
tenths  of  ra<lius,  and  the  ordinates  corresi)onditig  in  interval  to  the 
100,000  atmospheres  lines,  are  taken  as  each  1,000°  O.  The  left  verti- 
cal boundary  of  the  plat«  represents  the  center  of  the  earth  and  the 
right  oue  the  surface.  The  upper  heat  gradient  corresi)onding  to  a  tem- 
perature of  3,000°  C.  at  the  earth's  center  is  the  lOOx  10»  curve  of  Kel- 
vin. The  lower  is  computed  for  a  central  tem|«ratuieof  1,741^^  C, 
about  the  melthig  ]>oiut  of  platinum,  and  a  secular  cooling  in  20x10^ 
years.  Data  for  the  construction  of  these  grailients  are  given  in  the 
titbles  a  few  paragraphs  later.  The  feature  here  ciillcd  attention  to  is 
the  exceedingly  slight  change  of  temperature  from  very  neiu-  the  sur- 
face downward  to  the  center.  In  the  Kelvin  gradient  even  after  the 
Iai>se  of  100x10^  years  the  original  maximum  temperature  is  reached 
within  0-05  of  radius  and  remains  thence  unchanged  to  the  center. 
Pressure,  on  the  other  hand,  augments  with  one  downward  sweep 
through  theentire  radius.  On  plate  xvn  it^liue  is  seencuttingboth  tem- 
perature gradients  near  the  surface,  passing  the  1,741°  C  line  at  a 
pressure  of  175  000  atmospheres,  ami  the  Kelvin  line  at  300,000  atmos- 
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pJMres;  t^tmr*  neadOr  M^rnenlins  duIiI  aX  tine  (Votrr  it  reac-bet:  tbr 

Siucp  wr  «*  to  l»wit  to  b*at  and  i>resi«ar*  f-tr  the  k*TS  in  liie  pfavsical 
nwditioo  of  ll>«  miner  of  iW  eortli.  it  i<  iii];»injiit  i«  mtlinp  from  tlie 
iv-1a»i«  of  tke$r  pnd>»ii!^  fiisL.  iliAt  tbe  frmi  v-Stri  «f  lieaa  in  tqn-m- 
ir^ABtlorvrpMBiiisiberesniiF^tif  pre^^faiie  dih-j  Iip  L3't4<d»>fiqi(irficiail 
rdinti-'d«p(ks  it<>t  «wc«»iii.5  :?.'.•  leilt*  f'T  au  «irsli  <if  tbr  ILnhrin 
jifiMimpBiw^:  aeoftodlj-.  iii»i  lv"n«w  iLj-  Of{<;h  s^<>;ivan]  to  tbedooer 
u-cre  K^a  ooiiDj^tr  rr^^i'^l  --f  n-laT>i*i.5  Jisd  a  prvw  Aiid  (KmhnuJ 
iiK^VASr  <tf  pTftsiaiw  aT^ai^able  T(>  »■;•]•»!*  aiJ  »lef-rrfv  ii»e  vtthniicitTir 
jurd  oliirr  BhikxTiiir  *-if<y:s  tJ  a  t^-iLjiMTirEjy  »Lk-L  h&f-  oaafied    to 

st^vcfcsiu.  ■•>.:>  tiist  of  ]iTies«:nTr  OTV-:-  Ik-*;  ^•«:7U~  )k<i  iiti  \*tiuw  tIw 
SKriiK*  Aiwi  exTvwcs  in.«Y-  m-d  m.-rx-  i».'W«irfi:.  t  •..■  -.ik-  tiaiiier.     Tiut-  w 

^fcL  jk;if  j;-.tyT.  :t.  t."l"f  sr*.",  •<a.l<  4<i.  !*;».:*  \t:i,  ;•!;■;  n  ■•-:X  !<■  KtMnrii  Itanr 

•.3JA  1VC7  Ji.'*>  iC"  ^'^  •"-  ■'■-fcr:."!.'-. 

t>L:  :c  7W-ii.li.;*  i.E.ii.":>fC  if  7«.ts-s:-M  ™.r;j  T-'Tiiwrwrirx-  .crwiHoiTs 

i —<(»■;■;  ;.■■  (tronnrinH  "Uif -fti.-:.!  *■  TaKfDnu:  fcj*  ip  ii'  Oiliiiin  -i*  ^wntad 

'Pin  i.t.ii'wniZ  Ti-iiM*  Kpi!;  Iirn"*^  ^-"^  ■-!•!  ^inrarTi'-iiii   ir  tim  iirv^mire 
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extend  to  250  miles  or  about  0-00  of  radios.  Surface  rate  appears  both 
in  °  F.  aud  feet,  aud  °  C.  and  meters.  Tables  ^  and  4  exbibit  similar 
data  for  earths  of  lower  iuitlal  cxt-ess  and  sliorter  perimU  of  secular 
cooling.  Table  3  is  computed  for  an  earth  of  1,740°  C,  L'OxlO^  secular 
cooling,  and  table  4  for  1,230°  C,  lOx  10«  cooling. 

Tahlr  No.  1.  —  Blliataled Furlh  pretmrti  (Laplore**  deniiiliei).  n  lieiu^  radial  ditlaiieft 
from  Ike  center  of  the  earik  and  p  beiaj  Ike  pretiure  <!orreiiioHdiH<j  lo  h  cxpte»*ed  in 
atmoipharei. 


Tablr  No.  2.—Etlimalfd  earth  temperatitre:  Initial  tx/^u  of  3,900^  C.  100,000,000 
yrarl'»ernlar  caoling  with  mrface  rate  of  1^  F.  forSOSfttt  of  depth.  Thrrmal  condHe- 
tio*  400 feet'  /year  (Lord  Krlviii'$  raw. 
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Tadlk  No.  3.-~Eetimated  earth  temperatiim  Initial  es: 
point  of  jdalinntn)  30,000,000  jicart'  »ec»iar  eoa\i«g  tcitti 
feet  of  depth.     Thennal  condHcHon  tOOfert'  /gear. 
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TaBLR  Nf>.  i.—Eitimated  etirlli  trmprratuiti.  Initial  extxat  IfSSff-  C.  lOJlOO.OOO  gcar^ 
lecHlar  cooling  irilU  inr/ace  rale  of  I"  F.  lo  oO-6  fetl  of  Aeglk.  Tkrrmal  condnctwtt 
iOOfert'  /gear. 


Ral.''-  F.      Tempera 
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Tarlk  No.  5. — Etiimaltd  mtlling  point  and  deplk  for  tht  rock  diaba»t  trpretted  JK 
radial  earth  diglanee,  prenure  and  meltiHg  tentperatHie. 
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Table  5  contains  a  pralniigation  of  Bartis's  line  of  melting  point  and 
(leptb  for  the  rock  diabase,  expressed  in  radial  earth  distance  n,  pres- 
sure j)  (Laplace's  densities),  aud  melting  teini>eraturc8,  ^.n- 

THE   CHART. 

The  cliart  constituting  Plate  xviii  is  constracted  to  present  the  pas- 
sage of  certain  hypotlietical  temperature  gradients  tbrough  tbe  upper- 
most 0,08  of  the  earth's  radius,  aud  the  |)Osition  iii  the  same  field  of 
Barus's  line  marking  the  melting  point  in  depth  of  diabase,  thus  defining 
the  relations  of  the  varions  distributions  of  earth-tvmpiirature  to  liq- 
uidity. The  value  of  the  ordinates  is  estch  IjOOO*^  C.  tbe  abscissae,  which 
are  platted  as  eijuat  in  length  to  the  ordinates,  represent  hundredths  of 
raiiius  counting  downward  from  the  surface  which  is  indicated  by  the 
right  vertical  boundary  of  the  chart. 

Kelvin's  application  of  the  Fourier  equation  involves  an  assumeil  ini- 
tial excess  of  temiierntare,  and  assigned  value  of  rock  conductivity,  a 
given  period  of  senulai  cooling,  and  the  surface  rate  of  augmentation  of 
earth -lemperatnre.  As  thnsapplied  to  the  case  of  the  cooling  earth,  it  is 
ob' '  ^hile  the  body  was  of  uniform  initial  iieat  there  would  be 

n<  of  temperature  from  the  snrCice  downwai-d;op  other- 
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wise  expressed,  the  sarfice  nt*-  voakl  be-  x:  bat  tbe  noiDeDt  nfnpt-- 
ratioD  begiinn  finite  nte  of  dov^ii vanl  lurrfntenl  «'ofildbeestal>li«licd. 
Silica  ttie  eartk'g  snHare  is  reiir^er^uit-al  on  tlif  rbart  by  the  ri;;bt 
vertical  boaudar}',  titat  liur  vimld  be  Ike  ibenual  distribatioii  for  tlie 
rate  cd.  A  cmnplete  |)ro>'es.>  wt  lefnjr^mtiun  vMild  caoxe  tbe  rate  t>i 
deeliiic  antil  tLie  earlli  tv-j^-Lt—  tbe  ieni|M-ratare  of  spare  and  tbe  lii>e 
(if  initial  tangvoi-y  (^tM-idirs  wiili  nidiii-v,  and  the  rateU.  Tlieanptlar 
relation  of  tbe  initial  tausf-nt  of  tbe  iires^-nt  as  rotupared  with  that  of 
tbe  rate  x  is  detemuneal  fr»m  oi*«erved  surface  nagmentation. 

Tbe  Talne  of  tbe  inie^^l  and  ibe  sartace  rate  for  any  gradieot  does 
Dot  change  if  {-onduftiviiy  and  a::e  varf  reeiprocally,  and  tbe  snrfuv 
rate  doea  not  cbao^  if  the  initial  exf«>it  of  tem|>eratare  Taties  at  tbe 
same  rate  as  the  ittjuan;  ro>*i  of  tlie  prodnet  of  condnrtivity  and  tbe 
time  of  seealar  cooling.  If  the  sifnare  nnit  of  the  pmdact  of  coudne- 
tivityand  age  be  intreasetl  any  number  of  timett.  and  the  depth  also  be 
increased  the  game  uamber  of  tiroes  temperature  remains  uuchangvd 
if  the  initial  eit-ei^-t  is  anrban^M].  I>nt  if  the  initial  eit-ess  changes 
temperature  will  change  in  tbe  same  ratio. 

Upon  tbe  rhart  are  delineated  two  families  of  temperatnre  distri- 
butions. Those  in  omtinnoa^  lines,  lettered  n  to  /,  are  calcnlated  in 
accordance  with  the  maxironm  snrfaee  rate  of  ."(0,6  feet  to  I  -  F.,  being 
tbe  generally  accepted  rate  at  Ihetime  KelvinV  cnrre  was  publi^'bed. 
Those  ill  dotted  line,  and  lettered  q  to  t,  are  cnii8tnicted  for  the  rate  of 
75  feet  to  1=  F^  tbe  Mnal)<^  of  the  observed  inland  rat)-;*.  It  is  tbe 
valae  given  by  Uallock  *  for  the  recently  <-orapleted  boring  near 
Wheeling,  W.  Va.  The  l»m  publi-shetl  valae  a-t  redace'I  from  all  avail- 
iUile  data  by  the  B.  A.  committee  is  C4  feet  to  1=^  F.  It  is  therefore 
«xtremety  probable  that  anle>4  some  gtrneral  but  unro-ognized  cause, 
like  a  variation  of  temperature  dne  to  the  chemical  action  of  hot  water 
and  progressive  ilownwanl  either  with  beat  or  pressure,  tends  to  raise 
or  lower  the  mean  rate,  the  tme  surface  distribotion  falls  between  the 
valnes  of  M.G  and  7->  feet  per  "  F.  u|ion  which  tbe  two  families  of 
gradients  are  base«l. 

Thediabase  line  for  melting  temperature  and  depth  D  I>  is  traced  from 
its  superficial  fusion  point,  1.170'  C.  downward,  ncconliug  to  the  law 
esublished  by  Dr.  Bams  and  expresse^l  in  table  5.  This  is  the  s|>evi;d 
I  point  of  interest  in  tbe  chart  and  in  the  cunclnsions  to  which  it  gives 
rise.  In  passing  from  this  surface  vaiiieof  l.lTi^-C  through  0,1  of  the 
radius,  tbe  fnsiua  temperature  is  raise^l  to  6.i;t9-  C;  continuing  lbenct> 
to  the  center  of  tbe  earth  it  reaches  the  -sarprising  \-alueof  iti,aM>'  C 
III  consequence  in  an  earth  all  of  diabase  any  teni|tenilnre  gr.i  lient 
liaving  an  initial  excess  of  le^s  than  the  itlH)ve  central  value  must  iu 
i^aebuig  the  Kortaux  either  intersect  the  line  l>  1>  twice  or  full  wliolly 
l>eneath  it.  Since  this  line  represents  melting  teuiperatnre,  any  imm 
vertically  aboTe  it  in  the  chart  is  necessarily  more  hi;:hly  healed  than 
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tlie  melting  temperature  for  the  sivn.e  depth,  and  hence  in  fiiBlon.  Ck»n- 
versely,  auy  iwiut  below  the  diabase  hue,  being  belov  the  melting  tem- 
perature for  that  presHiirc  and  depth,  fails  into  Bolidity.  Thus  tlie  ehart 
is  divided  into  two  areas  by  the  line,  that  above  it  representing  fluidity, 
and  that  below,  solidity.  For  a  diabase  earth  to  have  been  wholly 
melted  an  initial  excess  of  7C,200^  0.  would  be  required.  ObviouBly 
any  earth  hbivingun  initial  excess  of  less  than  the  surface  melting  point 
1,170°  C.  wonld  have  been  always  completely  solid.  Any  initial  excess 
above  that  figure  and  below  7C,200°  C.  requires,  at  the  moment  before 
refrigeration  began,  a  solid  nucleus  and  a  fUsed  zone  above  it  extend- 
ing to  the  surface,  and  the  lower  the  initial  excess  the  larger  the  solid 
nucleus  of  compression  and  shallower  the  initial  couche  of  surface 
fusion.  Knowing  the  law  of  the  rise  of  the  fusion-point  it  is  a  simple 
matter  of  computatioa  to  determine,  for  any  assume^l  initial  excess, 
exactly  the  radial  value  of  the  original  solid  nucleus  and  of  the  original 
supernatant  fluid  couche.  For  the  region  covered  by  the  chart  these 
values  may  lie  directly  scaled  ofi'. 

Fourier's  equatiou  enables  ua  to  go  further  and  assuming  that  refrig- 
eration is  the  result  of  conduction  alone,  to  determine  the  temperature 
distribution  for  auy  given  ]^>erio(l  of  refrigeration,  and  what  is  of  particu- 
lar geological  interest — the  rate  at  which  the  fused  couche  is  encroached 
upon  by  an  overlying  superficial  crust  of  congelation,  and  the  exist- 
ence, depth,  terni>eratnre,  and  pressure  diftereiices  of  any  residual  duid 
couche  between  the  upi»er  and  lower  solids.  The  relation  therefore  of 
any  temperature  gradient  to  the  diabase  line  offers  an  immediate  test 
of  its  admissibility  as  a  probable  case.  Any  temperature  gradient 
that  in  paasiug  across  the  area  of  the  chart  from  below  to  the  surface 
intersects  the  diabase  line  must  in  reaching  the  low  temperatures  of 
the  surface  intersect  it  again,  and  the  zone  included  between  the  pair 
of  i>oiuts  of  intersection  being  above  the  line,  and  hence  for  that  inter- 
val of  radius  above  the  fusion  temperatures,  must  be  a  melted  shell, 
and  as  on  the  criterion  of  solidity  the  existence  of  any  considerable 
I'usiou  is  precluded,  such  a  case  of  temperature  distribution  may  be 
rejected. 

1  will  now  trace  the  several  temperature  distributions  upon  the  chart^ 
and  note  their  relations  to  time  and  solidity,  beginning  with  the  family 
dclinciited  in  continuous  lines  (surface  rate  50.6  feet  to  1'^  F.).  Line  b, 
tlie  gradient  of  Kelvin,  3,900°  C.  initial  excess,  100x10°  years  seculfw 
cooling,  is  seen  to  enter  the  chart  from  the  lower  regions,  maintaining 
even  to  the  shallow  depth  of  22C  miles  from  the  surface,  practically, 
its  original  maximum  temperature.  From  the  center  of  the  earth  up 
to  this  point  it  has  remained  in  the  initial  sobd  of  compression.  At 
the  depth  noted  it  intersects  the  diabase  line  and  passes  into  fusJon. 
Since  almost  the  full  initial  temperature  is  maintained  up  to  its  inter- 
section, it  follows  that  that  depth  nearly  marks  the  original  surface  of 
the  solid  nucleus  and  that  the  distance  of  220  miles  theuce  to  tho  aur> 
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face  measures  tliit  depth  ol'  tlie  original  coiicbe  of  fusion.  Following  * 
tlie  gradient  toward  tlie  surface,  it  is  seen  (after  describing  its  great 
couvexity  in  the  fluid  region)  to  intursect  tho  diabase  line  a  second  time 
aud  eater  a  cougealed  shell  or  crust  formed  by  cooling  a  surface  portion 
of  the  initial  fused  couclie,  and  leaving  between  the  nucleus  and  crnst 
a  residual  present  shell  of  fnsiuu  of  200  miles  from  the  top  to  the  botr 
torn.  The  obvious  tidal  instability  of  a  l!(i  mile  crust  resting  upon  200 
miles  of  truly  duid  magma  is  sufficient  basis  for  the  rejection  of  this 
particular  ease  of  temiierature  distribution.  To  I'ulflll  the  require- 
meuts  of  rigidity  either  the  time  of  cooling  must  be  vastly  greater  to 
admit  of  entire  eongctattou,  or  the  initial  excess  materially  less. 

As  an  illustration  of  the  first  of  these  alterustives,  gradient  c  with 
the  same  initial  excess  as  b  (3.900°  C)  has  been  developed  to  eomplcte 
solidity,  nhivh  on  computation  proves  to  have  required  about  COOxlO* 
years,  at  which  time  it  has  bnt  Just  reached  taiigency  with  the  diabase 
line.  Yet  we  are  absolutely  precluded  from  accepting  it  as  a  probable 
case  and  assigning  fiOOx  H*^  years  as  the  age  of  the  earth,  because  the 
teniiierature  values  of  its  emergence  at  tlie  surface  fall  below  even  the 
7't  feet  to  1°  F.  surface  rate.  Its  emergence  is  at  a  rate  of  0H)081<'  F. 
per  foot  (124  feet  per  °  F.),  which  is  far  less  than  the  (Hallock)  rate 
used  in  the  dotted  gradients,  itself  mui-li  less  than  the  at^'^ept«d  mean 
rate  of  the  British  Association  committee. 

Gradientrf,l,9oO°C,  initial  excess,  aud  LoxlO'  years  se<'ular  cooling, 
fulls  still  some  millions  of  yeai's  short  of  solidity.  The  initially  fused 
surface  couche  was  about  fiO  miles  in  depth,  the  present  crust  33  miles 
thick,  and  the  present  residual  fluidity  <»f  .'(3  miles  depth  from  top  to 
bottom.  Here  again  the  liquid  zone  involves  tidal  instability  and 
requires  the  rejection  of  the  line. 

Gradienteoffers  more  satisfactory  conditions:  With  an  initial  excess 
of  1,750<^  <.;.,  about  the  normal  melting  point  of  platinum,  and  au  age  of 
20x10*  years, »  conditioQ  is  reached  which  throws  the  convexity  of 
the  gradient  below  the  diabase  line  in  complete  solidity  and  fulfills  all 
the  c«mditious.  Here  then  is  a  possible  age  for  an  earth  of  diabase. 
Its  initial  surfacec^ucheof  fusion  would  have  been  about  S^'t  miles,  and 
is  now  wholly  cooled  into  solid  crust  and  United  with  the  original  solid 
nnelens  of  compression. 

Gradient/,  initial  excess  1.230°  C  and  10x10*  years  secnlar  cooling, 
would  in  its  first  stage  have  shown  only  about  5  or  6  miles  of  surface 
fusion,  which  would  very  shortly  have  cooled  into  solidity. 

For  those  whose  interest  centers  in  earths  of  great  age  and  high 
temperature,  gradient  n  is  given,  initial  excess  7,800°  C  and  400x10* 
years  secular  cooling.  This  has  not  been  projected  to  the  deep,  but 
would  not  reacli  solidity  until  over  1,500x10*  years,  a  truly  uniformi- 
tarian  specimen. 

Turning  now  to  the  family  of  three  gradients  in  dotted  line,  com- 
puted to  coufonn  to  the  surface  rate  of  ~r>  feet  to  1°  F.,  the  first,  tf,  ia 
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'  seen  ti>  be  of  tlie  smtie  ii>iti.il  excess  an  the  Kelvin  :t,900<^  C.  line.  In 
spite  of  its  long  cooling  even  iifter  237x10''  years  it  is  still  very  far 
from  solidity.  Of  tbe  original  fluid  couclie  of  23G  miles,  only  about  GO 
miles  has  been  congealed  into  crust,  1C6  miles  reniaiuing  fused. 

Gradient  7i,  initial  escess  2,560°  0.,  and  a  100 xlO'  years  refrigera- 
tion lias  an  original  Huid  eouclie  of  120  miles  witli  a  iiresent  crust  of 
mi  miles  and  an  existing  restdtial  coaclie  of  fusion  ol'  C4  miles,  a  ease 
also  inadmissible  from  the  point  of  view  of  instability. 

Gradient  I,  initiul  excess  1,760°  0.  (platinam  melting  point),  and 
4fixlO'  years  of  cooling,  had  originally  a  G3-mile  surface  couche  of 
fusion  which  bas  long  since  passed  into  solidity.  The  following  table 
sums  up  the  condition  of  all  the  grailientit  as  to  initial  excess,  initial 
depth  of  surface  fusion,  time  of  cooling,  thickness  of  crust  congealed, 
and  present  residual  couche  of  fusion: 

Tahlk  6. — Liqaid  tolid  coHdiltoni/or  diaha»t  earth. 
A .  -  Oradifnli  havluf  Ihf  mr/art  rait  of  SO-n  la  r  F. 
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Comparison  of  gradients  of  equal  initial  excess  and  successively 
longer  periods  of  secular  cooling  shows  tbe  ratio  of  their  retreat  from 
right  to  left  across  the  chart  or  from  lower  to  higher  values  of  depth 
and  time. 

With  each  augmentation  of  age  the  initial  tangent  defining  the  sur- 
face rate  is  seen  to  have  declined  further  and  further  from  the  original 
rate  as ,  coinciding  with  and  passing  first  the  maximum,  then  the  mini- 
mum rate  thence  declining  into  the  region  of  inadmissible  rates. 

Tbe  probable  conditions  of  tbe  true  gradient  are  as  to  initial  excess 
and  age  such  as  fall  below  the  diabase  line  into  solidity  and  emerge  at 
tbe  surface  with  a  rate  which  has  not  declined  below  the  mean  (B  A) 
rate  of  04  feet  10  1*=  F.  From  the  point  of  view  of  solidity  no  gradient 
of  initial  excess  above  2,000°  C.  is  admissible;  that  of  2,.")l>0o  C,  even 
after  100x10=  years  cooling,  still  shows  a  deep  shell  of  fusion  (C4  miles 
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I'i'Oiii  lup  to  bottom),  and  xince  it  emergen  on  the  iniuimuni  mttt  it  lias 
already  fallen  below  tbu  ndmissible  tungent. 

Gradient  0,  ],!)50°  C.  and  !■'>  x  10°  years,  just  (»>oled  to  the  maximum 
Knrface  rate,  lins  still  an  iundmiBsible  fluid  shell,  but  if  refrigeratiou 
had  been  nontimied  forTxlCto  9x10*  years  more  the  line  would  have 
fallen  below  the  solidity  line  aud  its  Borface  rate  would  not  have  passed 
the  mean  value.  Henee  a  i,'.iiJO'^  24x10^  year  earth  is  jwssible  and 
marks  about  the  supeiior  limit  admissible  for  initial  excess. 

From  the  poiut  of  view  of  age  no  greater  time  of  cooling  is  allowable 
than  enough  to  bring  the  gradient  for  any  initial  excess  to  the  mean 
surface  rate.  Thus  the  eonditiou  for  excess  and  age  exclude  a  line  of 
over  2,000°  (J.  and  24  xlO"  years.  Conductivity  remaining  of  the  value 
UHed,  any  higher  excess  involves  fluidity,  and  any  greater  age  an  inad- 
missible surface  rate. 

To  the  extent,  therefore,  that  solidity  is  a  valid  criterion  and  so  far 
as  the  melting  tem|>erature  of  diabase  may  be  supposes!  to  apply  to  the 
depth  examined,  there  is  no  escape  fVom  an  earth  of  the  low  age  and 
temi>eratnre  given  except  by  impugning  the  rate  of  surface  augmenta- 
tion and  the  value  of  rock  conductivity  here  employed. 

Whoever  has  examined  the  It.  A.  committee's  rejiortsand  summaries 
on  underground  temperatures  must  have  realized  the  obstacles  to  the 
evaluation  of  a  true  mean  rate.  The  range  of  observations  is  wide, 
from  high  rates  due  to  residual  vnlcanisni  to  low  ones  produced  by 
neighboring  bodies  of  coUl  watt-r,  such  as  are  desi^ribed  by  Wheeler 
from  mines  near  Lake  Superior.*  It  is  not  however  likely  that  by 
rejecting  anomaliea  and  assigning  probable  weight  to  further  observa- 
tions the  present  value  will  be  moved  to  an  important  extent. 

We  have  seeu  that  all  probable  distributions  of  earth  temperature 
involve  in  the  initial  stage  a  great  solid  nucleus,  practically  the  whole 
body  of  the  earth,  with  a  shallow  surface  shell  of  fusion.  In  the  case 
of  the  t,741°  0.,  20  x  lO*'  year  earth  there  was  an  initial  melted  shell 
of  53  miles.  Obviously  it  can  not  be  correct  to  apply  the  rock  conduc- 
tivity value  obtained  at  air  temperatures  and  normal  pressure  to  even 
so  young  and  cool  an  earth  with  its  conche  of  an  initial  t«m])erature 
of  1,741<'  C.  and  a  pressure  tlifl'erence  between  the  top  and  bottom 
of  22,000  atmospheres.  The  probable  method  of  cooling  the  coucheinto 
solidity,  involves  three  corrections  of  the  acce^pted  rate  of  refrigeratiou: 
n,  acceleration  of  the  process  by  i>osaible  convection ;  b,  the  direct 
effect  of  heat  and  pressure  upon  conductivity,  and  c,  the  relative  con- 
ductivity of  matter  at  the  some  temperature,  liquid  and  solid. 

a.  Convection.  Leaving  out  of  present  consideration  possible  i>oly- 
merization  of  the  magma,  or  the  descent  of  solid  bodies  of  crust,  ver- 
tical transfers  of  the  liquid  matter  in  the  fused  couclie  depend  upon 
difi'erences  of  density  and  this  upon  the  ratio  of  the  rates  at  which 
density  is  raised  by  pressure  and  lowered  by  heat.    Isometrics  of  melted 
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rock  under  high  preasure  are  of  coursu  beyond  tbe  reacli  of  experimen- 
tation, lieuce  we  are  forced  to  looli  to  those  of  tlie  available  materialfl. 
Iflometrics  from  Itigh-pressure  observatiouti  have  bevu  found  to  slope  an 
follows; 

AUDOtpbem  ]>«r^Cr 

Ether 8-7 

Alcohol 10-5 

Tlijmol 13  B 

DyplienylKmine 15-4 

Paratoluidine 13-9 

Glass,  coiuputed 10-0 

Since  ether  boils  at  34°  C.  and  dyphenj-lamlne  at  310°  C,  the  range 
here  given  is  wide.  It  is  reasonable,  therefore,  to  take  the  mean  value, 
12-5  atmospheres  per  °  C,  as  an  index  of  the  slope  sought  for.  In  the 
Kelvin  earth  this  rate  occurs  between  0-010  and  0-015  of  radian,  the 
crust  being  0-0065  of  radius  thick.  In  so  far  therefore  as  the  isomet- 
rics can  be  regarded  as  parallel  straight  lines  with  a  slope  of  the  order 
of  the  value  given  above,  convection  can  only  have  taken  place  in  the 
first  52  miles  of  the  initial  couche  of  fusion,  and  in  the  present  resid- 
ual couche  of  200  miles  only  the  upper  26  miles  would  be  subject  to 
convection.  In  younger  earths  the  above  value  per^  C.  will  he  found 
mueh  nearer  the  surface,  so  that  in  them  convection  would  be  confined 
to  a  shell,  which  is  shallow  m  pro|>ortion  as  the  earth  is  young.  lui 
tially  when  the  whole  earth  was  at  one  temperature  there  could  have 
been  no  convection,  since  the  change  of  temperature  in  depth  was  nil, 
but  the  change  of  density  due  to  pressure  was  always  prouounced.  In 
the  case  of  the  1,741°  C.  earth  the  zone  of  convection  would  have  early 
been  covered  and  extinguished  by  the  thickening  crust,  and  therefore 
would  have  played  no  very  important  part  in  accelerating  the  loss  of 
heat,  and  thus  for  this  particular  initial  excess  is  of  small  effect  in 
shortening  the  estimate  of  earth's  age. 

ft.  The  direct  effects  of  beat  and  pressure  upou  the  conductivity  of 
matter  under  such  high  temperature  and  pressures  are  also  beyond  lab- 
oratory investigation,  and  again  we  are  driven  to  nse  the  determined 
conductivity  value  unmodifietl,  or  seek  for  some  other  property  which 
may  he  considersd  as  its  approximate  measure.  Such  an  Index  is  found 
in  viscosity,  which  if  not  of  high  quantitative  significance  in  defining 
the  changing  values  of  terrestrial  conductivity  in  depth,  nevertheless 
aflbrds  datu  applicable  at  least  for  determining  the  sign  of  au  import- 
ant correction. 

Dr.  Barns  has  lately  determined  that  at  least  200  atmospheres  of 
pressure  are  required  per  1°  C.  in  order  that  viscosity  may  remain  cou- 
stnnt.  Examining  several  temperature  distributions  of  the  chart  and 
applying  the  computed  augmentation  of  earth  pressure,  it  appears  that 
the  refjuired  relation  (200  atmospheres  to  1°  0.)  is  found  at  successively 
lower  depths  for  successively  higher  values  of  initial  excess  and  age- 
In  the  1,741°  C.  case  the  relation  after  20x10'^  years'  cooling  is  found 
at  about  016  of  radius  counting  from  the  surface,  where  the  vertical 
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broken  liner  v  of  tlie  cbart  intersects  tlie  gradient  and  marks  the  locns 
of  Btatioutii-y  visvosity.  As  above  tbia  point  temiterature  relatively  to 
pressnro  has  augmented  more  rapidly  than  tbe  ratio  required  for  con- 
Ktaiit  viscosity,  it  follows  tbat  viscosity  has  been  diminislied  by  temper- 
ature more  tbau  it  bas  been  raised  by  pressnre.  Below  tlie  stutionary 
point,  on  the  other  hand,  an  excess  of  pressure  above  the  required  ratio 
is  available  fur  increase  of  viscosity. 

For  the  gradient  of  3,900°  C.  excess  the  trausitiomil  depth  in  indi- 
cated by  tbe  intersection  of  tbe  broken  line  V  Y.  In  both  cases  the 
transitional  points  occupy  positions  in  their  respective  gradients  not 
fkr  below  their  full  initial  temperatnres,  and  pressure  having  been  most 
stationary  the  transitional  points  have  moved  but  little  during  the 
whole  t>eriod  of  secular  cooling,  and  the  earth  shells  passing  through 
them  have  divided  radius  into  a  lower  solid  of  higher  viscosity  and  a 
snrface  conche,  partly  liquid,  partly  solid  of  lower  viscosity.  So  far 
therefore  aa  viscosity  indicates  the  behavior  of  conductivity,  tbat  also 
should  have  been  Hystemntically  diminished  (relatively  to  tbe  surface 
value  obtained  at  normal  pressure ,  and  temperatures  and  used  in  the 
construction  of  the  gradients) 
from  the  surface  downward  for 
a  small  fraction  of  radius,  till 
at  the  appropriate  depth  for 
each  excess  and  age  of  cooling 
it  reaches  a  transitional  value 
and  thence  increases. 

How  this  correction,  of  at 
X>resent  unknown  value, affects 
thecoordinatesof  a  given  gra- 
dient qualitatively,  is  shown 
by  the  following  figure,  in 
which  are  given  tbe  diabase 
melting  point  and  pressure 
line,  D  J>,  gradient  b  of  3,900o  C.  exce^  and  lOOx  W  years'  cooling, 
with  the  viscosity  transitional  line  P  I'  intersecting  it,  also  a  dott«d 
line  c,  indicating  the  position  of  the  ^gradient  correctetl  for  diminished 
conductivity  (viscosity). 

Lagging  to  the  right  of  the  uncorrected  gradient,  obviously  the  dotted 
line  would  require  longer  refrigeration  to  reach  the  state  of  solidity, 
and  it  is  equally  important  to  note  that  its  position  requires  its  emer- 
geuce  at  tbe  surface  with  a  higher  rat«  than  the  uncorrected  line,  and 
thas  extends  the  time  of  cooling  down  to  the  mean  rate  which  marks 
for  all  gradients  the  present  limit  of  the  process. 

c.  Liquid-solid  conductivity.  Closely  iuvolved  in  the  above  heat- 
pressure- viscosity  correction  is  the  change  of  conductivity  on  passing 
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isotbermally  from  solid  to  tii]iii<).  Here  again  the  results  of  Dr.  Barns* 
throw  iiaport»ut  ligLt. 

TLe  relatively  higher  thermumetric  cooductivity  of  the  solid  over  the 
liquid  of  equal  temperature  indicates  aa  ndditioual  plus  cori-ection  for 
time  values. 

Both  the  minus  correction  due  to  convection,  and  the  plus  corrections 
bused  u)>oii  conductivity  diiiiinislied  below  the  Everett  (igures,  Htnk  in 
iiiiportaiice  as  we  pass  from  eartlis  of  higher  to  those  of  lower  initial 
excels,  so  that  until  some  approximate  quantitative  values  can  be  given 
tlieni  we  have  no  warrant  for  extending  the  earth's  age  beyond 
34,000,000  years. 

Tliat  the  application  of  the  criterion  of  solidity  here  made  to  Kel- 
vin's method  is  open  to  the  objection  of  being  based  on  the  physical 
relatioos  of  an  extremely  superficial  fraction  of  radius  is  obviously 
true.  Ignorance  of  the  deeper  interior  distribution  of  speci&o  materials 
and  of  their  relations  to  tlie  degree  of  heat  and  the  i-aoge  of  pressure 
to  which  they  are  snbjet^ted  forbids  the  construction  of  a  generalized 
line  of  melting  temperatures  for  the  whole  of  radius. 

It  might  therefore  be  conlendcil  tliat  a  reversal  of  the  diabase  con- 
ditions is  possible,  and  the  deeper  materials  may  possess  the  property 
of  ice  fusion,  their  melting  temperatures  suffering  depression  instead 
of  elevation.  The  high  densities  retjuired  in  lower  earth  dei>tb8  have 
constantly  suggested  the  concentration  there  of  heavy  metals  and  the 
examples  of  meteorites  has  further  influenced  the  idea  of  a  metallic 
nucleus  chiefly  of  iron.  And  as  iron  at  normal  pressure  unmistakably 
exhibits  ice  fusion,  any  great  iron  mass  at  the  center  might  be  sup- 
l>oscd  to  esist  as  a  liijuid  in  spite  of  the  enormous  pressure  there 
exerted. 

The  distribution  of  materials  and  of  "state"  under  this  assumption 
involves  a  metallic  (iron)  nucleus,  liquid  from  ice  fusion,  overlaid  by 
lees  dense  couches  which  at  some  unassignable  depth  pass  into  sili- 
cates of  the  diabase  type,  solid  from  compression  under  the  law  shown 
for  diabase,  and  solid  to  the  surface  as  required  by  tidal  effective  rigid- 
ity. 

ice  fusion  however  Is  an  exceptional  phenomenon,  nor  have  we  any 
but  the  most  limited  data  as  to  its  rauge  as  regards  temperature  and 
pressure.  Iron  is  conceded  to  contract  in  the  act  of  fusion,  but  cold 
iron  is  more  dense  than  the  substance  either  just  above  or  Just  beUiv 
the  fusion  i>oint.  It  is  not  beyond  the  range  of  probability  that  exces- 
sive pressures  might  bring  abont  the  same  density  in  iron  that  cooling 
does,  and  thus  isothermally  convert  ice  fusion  into  the  normal  type  and 
produce  a  solid  nucleus.  However  that  may  be,  tidal  effective  rigidity 
excludes  fusion  of  either  type  for  at  least  0-2  of  radius. 

*Tlie  chuiige  of  Lent  couiliiclivify  nil  piusiii^  iHOtliernmll.v  fmin  solid  li>  liquid. 
C.  Barns,  Jm.  Joar.  Sci.,  July,  1892. 
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Otber  inetlimis  liave  been  used  furobtainiugauiea»ureuf  tbe  earth's 
age,  or  for  some  ileflnite  iwrtion  of  geological  time. 

BABTU  AGE  FBOH   TIDAL  RETARDATION. 

KelTin'9  companaon  of  ibo  earth's  prestiut  figure  witli  that  of 
a  thonsaud  iniUiuDs  of  yeais  ago,  wben  the  terreatvial  day  woold  have 
be«n  oDiy  half  its  iireneat  length,  is  one  of  the  most  iaterestiug.  The 
eattb,  if  theii  plastic,  would  have  yielded  to  four  times  the  present  cen- 
trifugal force  at  tlie  equator  and  shown  a  correspondingly  gi-eater  fliit- 
teniiig  at  the  poles  and  bulging  at  the  ei)uator,  and  "therefore,"  as  Tait 
expresses  it,  "  as  its  rate  of  rotation  is  undoubtedly  becoming  slower 
and  slower  it  cannot  have  been  many  millioos  of  years  back  when  it 
became  soliti,  else  it  would  have  solidified  very  much  Hatter  than  we 
find  it."  This  implies  tliat  because  a  computed  earlier  and  greater 
value  of  ellipticity  does  not  now  exist  it  could  never  have  existed,  in 
other  words,  that  terrestrial  rigidity  htm  been  and  is  of  such  value  that 
a  form  taken  in  tbe  remote  ]>ast  by  the  solid  earth  would  uot  be  mod- 
ified by  the  tidal  retardation  of  rotation  and  its  attendant  change  of 
centrifugal  force. 

There  is  in  modern  geology  a  growing  body  of  evidence  which  is 
believed  to  prove  the  very  general  plasticity  of  the  lithosphere,  by  which 
it  may  experience  important  deformations  from  very  ilowlif  applied 
stresses.  So  strongly  has  this  belief  taken  root  that  many  American 
geologists  accept  "isostasy"  and  consider  it  to  be  an  expression  of  a 
flnid  equilibrium  for  tbe  earth. 

From  abundant  geological  observation  ))la8ticity  must  be  admitted 
tor  slow  deformations  enormously  in  excess  of  the  small  changeof  fig- 
ure which  the  stress  of  tidal  attraction  would  produce  but  for  elastic 
resistance. 

Although  rigidity  prevents  a  sudden  tidal  deformation  of  5  feet,  it 
does  not  prevent  a  slow  nulial  deformation  of  5  miles  of  the  surface 
matter.  How,  then,  can  it  be  supposed  to  resist  tbe  slow  change  of 
stress  due  to  tidal  retardation  of  rotation!  The  excess  of  the  equa- 
torial over  the  polar  axis  is  now  roughly  25  miles,  while  the  ra^lial  range 
of  surface  inequalities  of  the  lithosphere  is  about  12  miles,  of  which  a 
large  part  dates  (torn  this  side  of  the  begiuuing  of  Tertiary  time.  If 
past  plasticity  e^guals  present  values,  the  earth's  figure  could  never 
have  been  a  survival  from  some  assumed  earlier  epoch  when  centrifu- 
gal force  was  greater,  bat  must  always  have  been  a  function  of  the 
slowly  diminishing  rate  of  rotation. 

If  the  conclusions  of  the  earlier  portion  of  this  paper  are  true  they 
go  farther  and  exclude  tbe  ideaof  a  formerly  Huid  earth  and  any  epoch 
of  solidification.  With  any  admissible  assumption  of  initial  excess 
nearly  the  whole  earth  must  have  been  solid  from  the  date  of  tbe  first 
collocation  of  its  matter. 

To  whatever  radial  depth  plasticity  may  descend,  what  is  enough  for 
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g(M>l'>gic»I1y  recent  8a]>erflcial  inequalities  is  sufficient  for  a«1|u»t.iDg  tlie 
tiguro  of  the  enrth  to  existing  forces  of  rotation. 

The  same  coast  lines  which  retoaiu  stationary  uiidur  tidal  stress  are 
slowly  ritsing  and  falling  in  a  hundred  places  under  the  slow  applica- 
tion of  subterranean  energy. 

It  therefore  appears  that  no  time  measure  can  be  deduced  fmm  the 
supposed  fixing  of  the  present  ellipticity  at  some  past  date. 

ASTRONOMICAL   MEASURE   OF   EARTH  TIME. 

Croll's  hypothesis  from  which  it  was  proposed  to  fix  dates  by  secular 
variations  of  eccentricity  and  to  correlate  the  climatic  effects  of  those 
variations  with  geological  operations,  aud  thus  measure  certain  inter- 
vals of  geological  time,  required  so  much  questionable  physical  geogra- 
phy and  left  so  many  physical  doubts  that  few  have  been  found  to  accept 
the  excessively  complex  chain  of  effects  lying  between  eccentricity  data 
and  geological  facts.  The  objections  of  Prof.  Newcomb,  noticed  rather 
than  answered,  left  Croll's  doctrine  where  it  was  permissible  to  believe 
that  there  was  something  in  it,  but  Qot  necessarily  that  definite  sequence 
of  climates  which  is  the  core  of  the  idea. 

The  gap  in  Croll's  st^heiiie  seems  to  have  been  successfully  stopped 
by  Sir  Robert  Ball,  whose  interesting  proof  of  the  seasonal  inequality 
of  the  thermal  element  in  climate  due  to  position  of  the  equinoxes  and 
its  intensi&catioD  in  periodb  of  high  eccentricity  offers  a  new  hope  fin- 
the  accurate  dating  ol  at  least  very  modern  geological  climates.  From 
this  point  of  view  late  geological  history  requires  re-exatniuation,  and 
if  it  should  appear  that  a  sequence  of  climates  has  existed  closely  par- 
allelling the  thernml  variations  which  the  astronomical  values  seem  to 
afford,  an  extremely  probable  case  will  have  been  made  out.  And  Ibis 
case  would  be  practically  substantiated  if  the  hypothesis  of  H.  Blytt 
should  yield  the  confirmation  for  which  he  boi^es.  Blytt*  proposes 
and  has  already  attempted  to  correlate  the  secular  attractional  changes 
dne  to  varying  eccentricity  and  precession  with  the  observed  succes- 
sive shifting  of  beach  lines. 

So  far  as  he  has  proceeded  it  is  of  interest  to  note  that  his  time  esti- 
mates are  more  in  harmony  with  the  physical  than  the  ntratigrapfaical 
figures. 

Periodic  changes  in  the  figure  of  the  hydrosphere  relatively  to  the 
solid  earth,  due  to  alterations  of  attraction,  might  be  predicted  with 
some  coiifideiice  if  it  were  clear  that  the  lithosphere  would  under  the 
slow  stresses  involved  continue  to  exercise  a  degree  of  rigid  resistance 
comparable  with  that  it  opposes  to  the  tidal  stress,  but  there  is  no  proof 
that  it  would. 

Since  we  find  the  solid  earth  undergoing  slow  deformations  to-day 


'  The  probable  cimao  of  tlio  displncement  of  beach  lineR.  H.  Blytt— 1(189,  Chria- 
'ianin  VMenakabs  Fordbamllinger  No.  1— Adilitional  not«  1SS9— MGoml  additional 
>tel889.     {Smilhtonian  Report  for  IUSS, -p.  ^3.)  ,-.  , 
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which  are  relatively  permaoent,  while  its  effective  elastic  resistance  to 
tidal  stress  it4  sufticieot  tu  permit  a  water  tide,  it  appears  tliat  either 
the  pnrely  tellaric  stresses  are  greater  thau  the  moon's  attraction,  or 
that  there  is  for  the  time  rate  of  application  of  e<)iial  stress  a  transi- 
tional valae  above  which  the  elastic  resistance  of  the  earth-solid  is 
enough  to  conserve  figure,  and  below  which  plastic  deforinationiseasy — 
a  relation  of  properties  sncli  as  Kelvin  suggests  for  the  tether.  Under 
the  former  alternative,  deformatinus  dne  to  purely  telluric  forces  might 
by  upheaval  or  subsidence  at  any  time  mask  or  counteract  astronomical 
beach  Rhiftiug.  In  the  lattercase,  tomakeuseof  theastrononiicaldata 
for  displacement  of  beaches,  it  is  retjuireil  to  awcertain  the  time  rate  of 
terrestrial  plasticity  accurately  enough  to  know  that  relatively  to  the 
duration  of  eccentricity  and  precession  cycles  and  their  correlative 
attractional  variations,  the  reaction  of  the  lithosphere  would  differ 
enough  &om  that  of  the  hydrosphere  to  allow  of  the  beach  shifting 
sought. 

Beyond  the  most  modem  geological  dates  the  grander  earth  deforma- 
tions have  carried  ancient  beach  liues  out  of  all  recognizable  radial 
relations  with  each  other  and  the  several  oceans  of  which  they  mark 
the  shores,  or  else,  as  is  frequently  the  case  with  risingconttnentfl,  they 
have  been  wholly  effaced  by  erosion.  Evidently  the  Croll  BIytt  time 
measure,  interesting  as  it  may  prove  to  be  for  recentdates,  is  at  present 
inapplicable  to  any  general  determiuatioa  of  the  earth's  age. 

EARTH-AGE  HEA8DBED   BY  SUN-AOE. 

Since  the  incrnstment  of  the  earth  would  be  almost  immediately  fol- 
lowed by  a  climate  controlle<l  wholly  by  the  sun'»  heat,  re-distribution 
of  the  crust  by  water  necessitates  a  sun  heat  received  upon  the  earth's 
surface  sufficieot  at  least  to  maintain  the  temperature  above  that  of 
permanent  freezing. 

Newcomb"  remarks; 

"  If  we  reflect  that  a  diminution  of  the  solar  heat  by  less  than  one- 
fourth  its  amount  would  |>n>bably  mean  au  earth  so  cold  that  all  the 
water  on  its  surface  would  freeze,  while  an  increase  of  much  more  than 
one-half  would  probably  boil  all  the  water  away,  it  must  be  admitted 
that  the  balance  of  cause  which  would  result  in  the  sun  radiating  heat 
just  fast  enough  to  preserve  the  earth  in  itjs  present  state  has  probably 
not  existed  more  than  ]0,000,(H>0  years." 

All  we  know  of  the  earlier  strata  indicates  a  water  mechanism  for  the 
denudation,  comminution,  and  deposition  of  rock.  Exactly  the  division 
of  this  work  between  tidal  and  river  forces  we  may  never  know,  but 
all  evidences  confirm  the  conviction  that  life  was  continuous  from  its 
earliest,  or  at  least  an  early,  apjiearance,  and  hence  climate  must  have 
been  continuously  suitable  for  the  circulation  of  continental  waters. 
The  range  of  temperature  for  the  time  since  the  beginning  of  the  Huro- 
nian  must  have  been  well  within  Newcomb's  limits.    So  that  unless  the 
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Belective  absorption  of  either  t)ie  3uu'3  atmospbcre  or  tbe  earth's,  or 
both,  liave  vjii-ied  reciprocalfy  or  coiicixrreiitly  with  i-atliation,  solar 
eiiiissioQ  can  not  have  had  a  wide  range  of  either  secular  or  paroxys- 
mal change. 

Nevertheless,  the  age  assigned  to  the  sim  by  Helmholtz  and  Kelvin 
(15x10*  or  20x10"  yews)  communicated  a  shock  from  which  geologists 
have  never  recovered.  The  thermo-dj'Qamtc  reasoning  on  which  the 
brevity  of  the  snn's  life  is  reached  stands  undisturbed,  yet  so  powerful 
is  the  inllueuce  of  the  old  unifurmation  method  of  estimating  the  age  of 
the  total  stratified  crust,  that  to  many  geologists  it  has  seemed  easier 
to  reject  the  physical  conclusions  than  to  seek  a  source  of  error  in  our 
own  very  vulnerable  methods. 

If,  as  I  hold,  Kelvin's.'juggestions  as  to  ellipticity  and  tidal  retarda- 
tion do  not  apply  to  an  earth  readily  deformable  by  alow  stress,as  this 
one  evidently  is,  there  remain  but  three  earth-ages  to  be  weighed — 
Kelvin's  value  from  terrestrial  refrigeration,  which  this  pajior  seeks  to 
advance  to  a  new  precision ;  Ucimholtz  and  Kelvin's  age  of  the  sun, 
which  must  sharply  limit  the  date  of  the  re-distributed  earth  crust;  and 
the  old  strati  graphical  method.  From  this  point  of  view  the  conclu- 
sions of  the  earlier  part  of  this  paper  become  of  interest.  The  earth's 
age,  about  tweuty-fimr  millions  of  years,  accords  with  the  fifteen  or 
twenty  millions  found  for  the  sun. 

Ill  so  far  as  future  investigation  shall  prove  a  secular  augnmentation 
of  the  sun's  emission  from  early  to  present  time  in  conformity  with 
Lane's  law,  his  age  may  be  lengthened,  and  further  study  of  terrestrial 
conductivity  will  probably  extend  that  of  the  earth. 

Yet  the  concordance  of  results  between  the  ages  of  sun  and  earth, 
certainly  strengthens  the  physical  case  and  throws  the  burden  of  proof 
upon  those  who  hold  to  the  vaguely  vast  age  derived  from  sedimentary 
geology. 
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When  we  cast  a  retr(>si»ecttve  gtaiicc  at  the  history  of  knowledge 
c<)ui-ernii)g  our  phuiet,  we  Qiiil  that  nearly  all  the  great  wlvances  in 
geography  took  \}\M;e  among  roininercial — aud  in  a  very  special  manner 
among  maritime— peoples.  Whenever  primitive  races  commeuced  to 
look  uiioii  the  ocean,  not  iis  a  terrible  barrier  separating  lands,  but 
rather  as  a  means  of  communication  betweeudistant  countries,  they 
soon  acquired  increased  wealth  and  power,  and  beheld  the  dawn  of 
new  ideas  and  great  discoveries.  Down  even  to  our  own  day  the 
lionei'  and  progress  of  nations  may,  in  a  sense,  be  measured  by  the 
e:£tent  to  which  their  seamen  have  been'  able  to  brave  the  many  perils, 
and  their  learned  men  have  been  able  to  uuravel  the  many  riddles,  of 
the  great  ocean.  The  history  of  civilization  runs  parallel  with  the 
history  of  navigation  in  all  its  wider  aspects. 

Horace  and  many  otlier  pc)uts  have  snug  tlic  i)raises  of  the  sailor 
who  "  first  put  forth  on  cruel  ocean,  iu  the  frail  rude  bark. "  But  in 
navigation,  aa  in  all  other  branches  of  human  activitj',  there  has  been 
a  slow,  gradual,  and  laborious  development  from  the  construction  and 
nianagemeut  of  the  simple  raft  by  the  river  side  up  to  the  ironclad  and 
Atlantic  greyhouiitl  of  our  own  day.  Many  active  and  original  miuds, 
many  stout  and  brave  hearts,  have  contributed  to  these  final  results. 
The  tempest- tossed  sea  is  now  no  obstacle  and  no  terror  for  the 
instructed  mariner  with  a  well-found  ship.  Tiio  *' severance  of  the 
sea''  has  disappeared  along  with  the  ideas  associated  with  the  expres- 
sion. Xot  only  so,  but  the  most  profound  depths  of  the  wide  niyste- 
rioos  oicaii  have  in  our  own  time  been  forced  to  yield  np  their  hidden 
treasures  to  the  persistent  efl'orts  of  the  modern  investigator. 

Is  the  last  great  piece  of  lua:  itime  exploration  on  the  surface  of  our 
earth  to  be  undertaken  by  Britons,  or  is  it  to  Iw  left  to  those  who  may 


•  Paper  resd  at  tlie  lueetinK  <if  llio   Koj'ftl  Ge»grnpliical  Society,  November27, 
33.    (From  The  (ieographicat  Journal,  Loniloii,  vul,  lil,  pp,  1-27.) 
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be  destined  to  saccced  or  supplant  us  on  the  oceanT    Tliat  is  n  ques- 
tion wliicb  tUi8  gtiiieration  mnat  answer. 

The  (tivihzed  iialioiis  at  the  birtii  of  navicatiou  were  most  probably 
in  tlie  aanio  phase  of  development  ns  the  Paeifle  Islanders  of  the  [iies- 
eiit  (lay.  Yet  it  is  a  most  remarkable  fact  that  at  the  very  dawn  of 
history  we  And  a  commercial  people  who  were  able  to  conduct  voyages 
which  rival  those  of  the  Itfteeuth  ceiitary.  Loiiff  before  the  oldest 
Hebrew  and  Greek  records,  the  Pheniciaus  had  settled  all  over  the 
Metliterraiieati ;  they  were  in  tho^^gean  fourteen— and  at  Gadesou  the 
Atlantii;  eleven — centuries  before  the  Ohristiau  era;  they  made  long 
voyages  in  the  Erythriean  Sen  or  Indian  Ocean,  as  well  as  ou  the 
Atlantic  beyoiid  the  Pillars  of  Hercules.  Herodotus  tells  us  that, 
about  six  liuudi-ed  years  before  Christ,  Pheuieian  sailors  rei>ortcd  that, 
in  rouuding  Africa  to  the  south,  they  had  the  sun  on  their  right  hand. 
"This,  for  my  part,"  says  Heordotus,  "I  do  not  believe;  but  others 
may."  This  observation  as  to  the  position  of  the  sun  is  however 
good  evidence  that  the  expedition  of  Mecho  really  took  place.  At  all 
events  this  is  the  first  hint  to  be  found  in  literature  of  a  visit  to  the 
Southern  Hemisphere,  and  we  do  not  meet  with  any  more  deflnite  and 
satisfactory  information  till  the  time  of  the  Renaissance. 

For  all  practical  purposes,  the  views  of  the  later  Greek  philosophers, 
with  reference  to  the  figure  and  position  of  the  earth,  did  not  differ 
from  those  of  the  modern  geographer,  excej>t  in  the  difference  between 
tlie  geocentric  and  heliocentric  standpoints.  Eratosthenes  estimated 
the  circumference  of  the  earth  at  25,000  miles,  a  very  remarkable 
approximation  to  the  truth,  and  we  And  him  speculating,  eighteen 
centories  before  Columbus  and  Magellan,  on  the  possibility  of  circum- 
navigating the  globe.  The  ancients  divided  the  surface  of  the  earth 
into  five  zones.  The  torrid  zone  was  uninhabitable  from  heat;  the  two 
frigid  zones  toward  the  poles  were  uninhabitable  from  cold,  and  in  the 
Southern  Hemisphere  there  was  a  temperate  zone  similar  to  that  of  the 
Northern  Hemisphere  in  which  the  known  world  was  situated.  Aris- 
'totle  does  not  say  that  the  soutliern  temperate  zone  is  inhabited,  but 
Strabo  admits  that  there  may  be  other  worlds  inhabited  by  a  different 
race  of  men.  Pomponius  Mela,  who  lived  in  the  first  century  of  our 
era,  speaks  as  an  undoubted  fact  of  the  existence  of  the  autochthones 
inhabiting  continental  land  in  the  Southern  Hemisphere,  although  this 
land  was  inaccessible  owing  to  the  beat  of  the  intervening  torrid  zone. 
Mela  held  (like  most  of  his  predecessors)  that  the  habitable  world  of 
Europe,  Asia,  and  Africa  formed  a  single  island  surrounded  by  the  all 
encircling  sea.  Marinas  of  Tyre,  who  lived  in  the  second  century, 
rejected  this  view,  and  returned  to  the  less  correct  notion  of  Hippar- 
chos,  who  had  maintained  that  the  known  continents  were  united  to 
other  similar  masses  of  land  still  unknown,  and  that  the  Atlantic  and 
Indian  Oceans  were  separated  from  each  other,  thus  forming  great 
inclosed  »ea.H,  such  as  the  Mediten'anean,    Ptolemy  adopted  the  viewq 
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of  Mariiiu8,  and  conseqnently  in  bis  maps  nnited  tlio  eastern  coast  of 
Afi-ica  by  nnknowD  landtt  or  Soiitberu  Etliioiiia  to  the  Chinese  coast.* 

The  science  and  learning  of  antiquity  were  swept  away  by  thedestruc- 
tive  incursions  of  the  barbarians,  and  there  is  retrogression  rather  than 
progress  to  record  daring  the  dark  and  middle  agps. 

The  Portngneae  voyages  along  the  west  coatit  of  Africa,  initiated  by 
Prince  Henry,  the  navigator,  must  be  regarded  its  among  the  Hrst  fruits 
of  the  Renaissance,  and  the  prelude  to  the  great  maritime  discoveries 
of  the  15th  and  16th  centuries.  The  views  of  Mela  prevailed  in  Portu- 
gal, whereas  those  of  Ptolemy  were  elsewhere  supreme.  By  the  time 
of  Prince  Henry's  death  in  14C0,  the  Portuguese  had  reconnoitered  the 
coast  of  AfHca  for  1,700  miles,  and  Bartholomew  Diaz  reachctl  and 
doubled  the  Cape  of  Good  Hope  in  14R6.  This  moat  successful  voyage 
produced  an  immense  sensatiou.  A  deathblow  was  given  to  Ptolemy's 
view  that  the  Indian  Ocean  was  an  inclosed  sea;  the  fiery  zone  of  the 
ancients  had  been  crossed;  the  southern  temi>erate  zone  of  Aristotle, 
Btrabo,  and  Mela  had  been  reached,  nnd  it  was  inhabited.  The  air  was 
filled  with  the  noise  of  discovery.  A  few  years  later  Colunibus  made 
his  ever  famous  voyage  across  the  Atlantic;  Vespucci  announced  the 
discovery  of  a  new  world  in  the  Sonthern  Hemisphere,  a  fourth  part 
unknown  to  the  ancients.  The  Portuguese  sailed  to  India,  the  Spice 
Islands,  and  even  €hina  by  way  of  the  cape.  From  a  penk  in  Darien, 
Balboa  beheld  a  boundless  ocean  beyond  the  new-found  lands  in  the 
west,  and  in  1520  Magellan  passed  into  and  crossed  this  great  ocean, 
which  he  called  the  Pacific,  thus  completing  the  first  circumnavigation 
of  the  world.  These  great  voyages  doubled  at  a  single  bonnd  all  that 
WAS  previously  known  of  the  earth's  surface.  The  sphericity  of  the 
earth,  the  existence  of  antipodes,  were  no  longer  scientific  theories,  hut 
demonstrated  facts.  The  loss  or  gain  of  a  day  in  sailing  round  the 
world,  together  with  a  multitude  of  other  nnfamiliar  and  bewildering 
facts,  struck  the  imagination,  and  altogether  the  effect  of  these  startling 
events  was  without  parallel  in  the  history  of  the  world.  The  solid 
immovable  earth  beneath  men's  feet  was  replaced  by  the  mental  pictnre 
of  the  great  floating  globe  swung  in  space,  supported  by  some  unseen 
power.  This  grand  conception  can  be  traced  in  the  literature  of  the 
sncceeding  century.  Bacon  and  Milton  had  the  image  of  the  huge 
spinning  globe  continaally  before  them,and  Shakespeare's  spirit  seemed 

"  To  reside 
In  thrilling  region  of  tbick-ribbeil  ice; 
To  be  imprison'il  in  tlio  viewleas  ninils 
AdiI  blown  witli  restless  violence  round  abont 
The  pendent  world." 

Although  many  voyages  were  soon  undertaken  to  the  Arctic,  c^ntU' 
ries  passed  away  before  maritime  exploration  was  directed  toward  the 


'  8e»Hanay,  "The  DiHCovepj-  of  Aflipncft  by  ColumbnB, "  iScoi.  Geofr.  Mag.,  1893, 


356      THE  BBKBWAL  OP  ANTARCTIC  EXPLORATION. 

Antarctic  regions.  The  unknown  laiidn  of  Ptolemy  and  other  geogra- 
jiliers,  tliougb  now  cut  oft'  from  the  iiortliem  contineiitB,  still  t-etaiiicd 
tlieir  pla«e  on  charts  down  to  the  seooud  voya;;o  of  Jtime»  Cook,  under 
the  names  of  ijoutheni  Btiiiopia,  the  Austral  ('ontinent,  Magellanica, 
Regie  Brusilio,  and  Regie  Patalis.  On  a  globe  dated  1534,  wliicii  I 
lately  examined  at  Weimar,  nionntiiinB,  lakes,  and  rivers  arc  shown  on 
a  largeextentof  landin  the  Pacific,  stretohiug  townrd  the  Soutli  Pole. 
In  1642  Tattman  showed  that  Australia  and  Van  Dieman's  Land  wore 
surrounded  by  the  ocean  to  the  south,  but  the  west  cosist  of  New  Zea- 
land, which  he  visited,  was  believed  t^)  he  a  part  of  the  great  southern 
continent,  and  thiB  was  held  by  souie  geographers  of  the  eighteenth 
century  to  extend  as  far  east  as  tlie  island  of  .inan  Fernandez,  to  be 
greater  in  extent  than  the  whole  civilized  part  of  Asia,  and  to  contain 
50,000,000  inhabitants.  Here  is  a  part  of  the  dedication  of  a  collec- 
tion of  voyages,  published  in  1770  by  a  former  bydrographer  of  the 
Navy: 

"Not  to  him — who  infatuated  with  female  blandishments,  forgot  for 
ichal  he  went  abroad  and  hastened  biick  to  amuKe  the  European  world 
with  stories  of  etickantment  in  the  New-tJytheria;  BUT  to — the  man — 
who  emulow»  of  Magalhaues,  and  the  heroes  of  fonner  times,  undeterred 
by  difficulties,  and  unvetlut^d  by  pleasure,  shall  persixt  through  orcy 
obstacle,  and  not  by  chance,  but  by  virtue  and  good  conduct  succeed  in 
entablighing  an  intercourse  tritk  n  southern  continent,  this  historical 
coIle<;tion  of  former  distutvcries  in  the  Houth  Pacific  Ocean  is  presented 
by  Alexander  Dalrymple.'' 

About  this  time  a  French  navigator  reported  the  discovery  of  land 
to  the  southeast  of  the  <'apc  of  (lood  Iloi>e,  anil  a  French  ex)>edition 
under  M.  de  Kerguelen  was  sent  ont  in  IT'li  to  explore  it.  Kerguelen 
sighted  land  with  high  mountains  in  latitude  49*^  south  and  longitude 
Gii^  east,  sent  a  boat  on  shore,  and  rather  precipitately  concluded  that 
he  had  discovered  the  great  southern  continent.  On  his  return  to 
France  he  was  bailetl  as  a  second  ('olunibus,  but  on  being  sent  ont  a 
second  time  to  complete  his  discovery,  the  supposed  southern  continent 
turned  out  to  be  the  almost  barren  island  which  now  bears  Kerguelen's 

During  his  first  expedition  James  Cook  showeil  that  New  Zealand 
was  an  island,  and  that  there  was  no  southern  continent  in  the  Pacific 
north  of  the  parallel  of  40°  south.  Cook's  second  expedition  in  1772 
was  undertaken  with  the  express  purpose  of  settling  once  for  all  this 
(Question  of  a  southern  continent,  and  he  crossed  the  whole  southern 
ocean  in  such  a  manner  as  to  leave  no  room  for  doubt  that,  if  snch  a 
continent  did  exist,  it  must  be  situatetl  within  the  Antarctic  Circle,  and 
must  be  covered  with  i>eri>ct«al  snow  and  ice. 

Cook  reached  latitude  71°  10'  south,  in  longitude  106°  54'  west,  and 
here  he  probably  saw  the  ice-barrier  and  mountains  boyond.  He 
believed  there  was  a  tract  of  laud  toward  the  South  Polo  extending 
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tavtiter  north  in  tbo  Atlantic  aod  ludian  oceans  than  elsewhere,  aod 
says :  "* 

"  It  is  true  however  that  the  greatest  part  of  this  eoathem  continent 
(supposhi^  there  is  one)  mast  lie  within  the  Polar  Circle,  where  the  sea 
is  so  pestered  with  ice  that  the  land  ia  thereby  inaccesBibte.  The 
risque  one  runs  in  exploring  a  coast  in  these  nnknown  and  icy  seaa  ia 
BO  very  great  that  I  can  be  bold  enough  to  say  that  no  man  will  ever 
venture  farther  than  I  have  done,  and  that  the  lands  which  may  Ire  to 
the  south  will  never  he  explored.  Thick  fogs,  snowstorms,  intense  cold, 
and  every  other  thing  that  can  render  navigation  dangerous,  must  be 
encountered,  and  these  difiicnities  are  greatly  heightened  by  the  inex- 
pressibly horrid  aspect  of  the  country,  a  country  doomed  by  nature 
never  once  to  feet  the  warmth  of  the  sun'a  rays,  but  to  lie  buried  in 
everlasting  snow  and  ice.  The  ports  which  may  bo  on  the  coast  are,  in 
a  manner,  wholly  filled  up  with  frozen  snow  of  vast  thickneaa;  but  if 
any  should  be  so  far  open  as  to  invite  a  ship  into  it,  she  would  run  a 
ris(|ue  of  being  lixed  there  lor  ever,  or  of  coming  out  in  an  ice  island. 
The  islands  and  Hoats  on  the  coast,  the  great  falls  from  the  ice-din's  in 
tbc  port,  or  a  heavy  snowstorm  attended  with  a  sharp  frost,  woiihl  be 
equally  fatal." 

Two  navigators  have  however  ventured  farther  than  Cook.  Wed- 
(lell  in  1823  penetrated  Ut  74'^  south,  but  saw  no  land.  Sir  James  Clark 
Ross  in  1841  and  1842  reached  the  seventy-eighth  parallel,  and  discov- 
ered Victoria  Land.  These  three  explorers.  Cook,  Weddell,  and  Ross, 
are  the  only  ones  who  have  passed  beyond  the  seventieth  parallel  of 
south  latitude. 

A  great  many  ex]ieditions  have  sailed  between  the  sixtieth  and  sev- 
entieth parallels,  and  nearly  all  of  them  have  discovered  land  in  these 
Bonthern  latitudes,  lu  1819  Smith  discovered  the  Soutb  Shetlands  to 
the  soutb  of  Cape  Horn,  and  soon  afterward  a  brisk  seal  fishery  among 
English  and  American  sealers  sprang  up  in  these  waters,  the  seal  skins 
bringing  a  high  price  in  China.  Bellingshausen  discovered  the  islands 
of  Alexander  and  Peter  the  Great;  D'tTrville  discovered  Adetie  Land; 
the  (Juited  States  exploring  expedition  discovered  Wilkes'  Land; 
Powell  discovere<l  the  South  Orkneys;  Biscoe  discovered  Enderby's 
Land;  Ballcny  discovered  the  Balleny  Islands  and  Sabine  Laud,  and 
Dallman  more  recently  discovereil  Kaiser  W'ilhelm  Islands  and  Bis- 
mai-ck  Strait  to  the  north  of  Graham's  Land. 

The  greatest,  the  most  successful  and  most  important  Gxi>editioii  to 
the  Antarctic  was,  however,  tbatof  Sir  Jame.')  Clark  Ross,  just  referred 
to,  between  the  years  of  1839  and  1843.  He  has  furnished  more  trust- 
worthy information  than  all  the  ]ireceding  and  succeeding  expeditions 
put  together.  Tliechiof  object  of  the  expedition  was  to  make  magnetic 
observations,  and  these  were  carried  out  with  marked  success.  Ross, 
who  hod  previously  planted  the  flag  of  his  country  on  the  north  mag- 
netic pole,  even  sailed  within  1(>0  miles  of  the  south  magnetic  pole. 
During  the  expedition  Ross  threw  a  flood  of  new  light  on  the  physical 
and  biological  conditions  of  the  Antarctic,  lie  discussed  his  meteoro- 
logical observations,  and  pointed  out  the  p<;rmaneutly  low  atmospheric 
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preasnre  of  tb«  Boutherii  Hemisphere;  be  took  surfdce  and  deep-sea 
temperatures  with  mncli  regularity;  be  became  n  piouecr  in  accurate 
deep-sea  BOUDdiag  and  deep-sea  dredging;  lie  recognized  that  the  ani 
m»ls  from  deep  water  vero  almost  identical  with  tho»e  found  at  similar 
depths  by  his  uncle  in  the  Arctic,  and  he  prophesied  that  a  nearly 
anirorm  low  temperature  would  ultimately  be  found  everywhere  in 
deep  water,  and  that  living  animals  would  be  found  at  the  greater 
depths  all  over  the  floor  of  tlie  o<!ean.  In  the  account  of  his  voyage 
we  find  the  best  expression  of  all  the  anxieties,  the  dangers,  the  suflTer- 
ings,  the  charms  and  fascination,  which  accompany  work  in  these  bit- 
ter, appalling,  and  magnificent  realms  of  ice,  where  snowstorms,  fogs, 
and  gales  alternate  with  brilliant  Bunshine. 

Iq  January,  1641,  after  passing  heavy  pack  ice  far  to  the  south  of 
New  Zealand,  Boss  discovered  Victoria  Land,  consisting  of  mountain 
ranges  Irom  7,000  to  12,000  and  ld,<H>0  feet  in  height.  To  the  east  be 
found  open  navigable  water  with  ofJ-lying  islands,  on  two  of  which — 
Possession  and  Franklin  islands — he  landed.  This  bold  coast  was 
traced  for  500  miles  to  the  south,  where  it  terminated,  in  latitude  78° 
south,  in  the  volcanic  cones  of  Mounts  Erebus  and  Terror,  Blount  Ere- 
bus at  the  time  vomiting  forth  flame  and  lava  from  an  elevation  of 
12,000  feet  Glaciers  descending  from  the  mountain  summits  filled  the 
valleys  and  bays  of  the  coast,  and  x>rojected  several  miles  into  the  sea. 
It  was  impossible  to  enter  any  of  the  indentations  or  breaks  on  the 
coast,  where,  in  other  lands,  harbors  usually  occur.  On  some  days  the 
sun  shone  forth  with  great  brilliancy  irom  a  perfectly  serene  and  clear 
sky  of  a  most  intense  indigo  blue,  and  the  members  of  the  expedition 
gazed  with  feelings  of  indescribable  delight  upon  a  scene  of  grandeur 
and  magnificence  beyond  anything  they  had  tiefore  seen  or  could  have 
conceived. 

From  the  eastern  foot  of  Mount  Terror,  Boss  found  a  perpendicular 
wall  of  ice  from  100  to  200  feet  in  height,  extending  away  t«  the  east, 
through  which,  as  be  says,  there  was  no  more  chance  of  sailing  than 
through  the  cliffs  of  Dover.  He  traced  this  ice  barrier  in  an  east  and 
west  direction  for  300  miles;  and  within  a  mile  of  it  be  obtained  a 
depth  of  260  fathoms,  with  a  fine  soft  mud  at  the  bottom.  In  the  fol- 
lowing season  Boss  was  not  so  successful ;  for  weeks  he  was  a  prisoner 
in  the  pack  ice.  Still,  be  reached  the  ice  barrier  again  in  latitude  78° 
10'  sontli,  a  little  to  the  east  of  his  position  in  the  previous  year,  but 
no  new  land  was  discovered.  In  the  third  season  Itoss  made  explora- 
tions among  the  islands  to  the  south  of  Cape  Horn,  landing  on  Cock- 
bum  Island,  but  his  attempts  to  follow  in  the  track  of  Weddell  were 
unsuccessful,  owing  to  the  heavy  pack  ice  encountered  throughout  the 
season. 

It  must  be  remembered  that  Boss  was  the  only  Antarctic  explorer 
provided  with  ships  properly  strengthened  and  fortified,  and  this 
probably  accounts  for  his  remarkable  performances  in  the  pack  ice. 
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Theoftniicr  I  reml  the  account  of  tbisniaeiiiScentexpeOition,tfaeinore 
do  I  wish  that  another  auch  commftiider,  and  another  sitch  expedition, 
might  be  Bent  out  from  this  coantry,  provided  with  steam  power  and 
all  the  appliances  for  investigation  which  the  experience  of  the  past 
fifty  years  would  be  able  to  Bnggest.  With  the  same  amoiiot  of  good 
lock,  priceless  aitditions  would  certainly  be  made  to  hamnQ  knowledge. 

The  Vhalleitger  was  the  first,  and  itp  to  the  present  time  the  only 
steam  vessel  which  has  crossed  the  Antarctic  Circle.  She  was  wholly 
UBprotected  for  ice  work.  Ber  contributions  towards  tlie  solution  of 
Antarctic  problems  belong  fur  the  most  port  to  the  deeper  regions  of 
the  Antarctic  Ocean.  During  ln«t  year,  some  interesting  observntions 
have  been  fnmisheil  by  the  Scotch  and  Norwegian  whalers,  who  visited 
the  seas  and  islands  immediately  to  the  south  of  Cape  Horn. 

After  this  brief  review  of  Antarctic  exploration  we  may  ask :  What 
isthe  nature  of  the  snow  and  ice-covered  land  observed  at  so  many 
points  towards  the  Houth  Polef  Is  there  a  sixth  continent  within  the 
Antarctic  Circle,  or  is  the  land  nucleus,  on  which  the  massive  ice  cap 
rests,  merely  a  group  of  lofty  volcanic  hillsf  This  is  a  question  still 
asked  andanswereddifl'erentlyby  naturalists  and  physical  geographers. 
To  my  mind  there  seems  to  bo  abundant  evidence  that  there  exists  in 
this  region  a  vast  extent  of  true  continental  land,  the  area  of  which  is 
greater  than  that  of  Australia,  or  nearly  4,0U0O0O  square  miles.  Of  all 
the  bold  southern  explorers  Koss  and  D'Urville  are  the  only  two  who 
have  set  foot  on  land  within  the  Antarctic  Circle.  I  can  find  no  record 
of  any  ship  having  come  to  anchor  within  the  Antarctic  area,  or  indeed 
south  of  the  latitude  of  60°  south,  although  Ross  met  with  shallow 
enough  soundings  off  Possession  Island,  and  Wilkes  found  19  fathoms 
in  Piner's  Bay,  Ad^lie  Land. 

Rose  reports  the  rocks  of  Possession,  Franklin,  and  Cockburu  Islands, 
on  which  he  landed,  to  be  of  volcanic  origin,  and  in  his  dredgings  to 
the  east  of  Victoria  Land  in  depths  from  200  to  400  fathoms,  lie  like- 
wise procured  many  volcanic  rocks  along  witli  some  fragments  of  a 
gray  granite.*  All  explorers  report  the  islands  to  the  south  of  Cape 
Horn  to  be  composed  of  volcanic  rocks,  but  the  recent  soundings  in 
this  vicinity  by  Mr.  Bruce  indicate  the  presence  of  inetamorphic  and 
even  sedimentary  rocks,  and  Dr.  Donald  has  brought  home  some  inter- 
esting tertiary  fossils  collected  last  year  on  Seymour  Island  by  a  Nor- 
wegian whaler.f     We  have  thus  very  good  reasons  for  assuming  that 

'MeCormick  compares  the  monntninn  of  Victoria  Land  to  tli»3u  uf  Aiivurpne  in 
France.  His  sketciiea  are  vpry  iliQurentfromtlioao  of  Davis,  in  Bliowing  miicli  nmro 
geological  Btractiire  and  much  less  snow  anil  ice.  See  R.  McCormick,  "  Vojage.t  of 
Dlspovery  in  Arctic  and  Antarctic  Svas;"  London,  1H84,  vol,  i. 

lMe»Bra.  G.  Sharman  and  E.  T.  Nowtoii,  !■■.  n.  8.,piUii'outologi8ta  totho  Geological 
Survey,  slate  that  tlie  nine  fossils  from  Seymour  Island  are  uf  niich  iutervHt  from  a 
geological  point  of  view.  They  arc  woatliere<l  anil  somewliat  denuded,  inilicntiug, 
probably,  a  longexpoanre  npon  aseaahore.  They  belong  to  the  followinf;  well-known 
forms;  Five  to  CucHllaa,  one  to  Cglherea,  one  to  \alica,  and  ttvu  are  pieces  of  cunif- 
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it)  tlio  Antarctic,  facing  the  great  Pacilic  Ocean,  tberc  is  a  cliatii  of 
active  and  extinct  volcanic  cones,  rising  in  Mounts  Brebus  and  Mel- 
bourne to  12,000  and  16,000  feet,  similar  to,  or  rather  a  continuation  of, 
tliat  vast  cliain  of  volcanoes  which  more  or  less  completely  Rnrroun<?s 
the  nbole  Pamtic,  fiu;ing,  so  to  speati,  the  circle  of  continental  laitd 
looking  out  on  that  greut  ocean  basin. 

When  we  remember  that  their  sbi|»s  were  wholly  unprotected  for  iee. 
the  voyages  of  B'Urville  and  Wilkes  to  the  Antarctic  Circle  south  of 
Anstralia  must  bo  regarded  as  plucky  in  the  extreme.  At  Ad^lie  Land 
JVUrville  passed  through  the  vast  tabuhir  icebergs  and  reached  open 
water  within  a  few  miles  of  the  hind,  which  at  that  point  rose  to  a  heiglit 
of  2,000  and  3,0W  feet.  Here  the  members  of  the  expedition  landed  on 
n  small  island  about  GOO  yards  (ram  the  maiidand.  Tlie  rocks  are 
described  as  granite  and  gneiss,  jind  from  the  description  of  their  hard- 
ness there  can  belittle  donbt  that  :,he  fundamental  gneiss  so  character- 
istic of  coutinentnl  laud  was  here  exi>i)sed.  Wilkes  was  unable  to  reach 
land,  but  in  the  same  locahty  he  found  very  shallow  water,  and  lauded 
on  an  iceberg  covered  with  clay,  nind,  gravel,  stones,  and  largo  boulders 
of  rci!  sandstone  iiud  basalt,  5  or  C  fcot  in  diameter. 

"fhere  isannther  way  in  which  a  great  denl  may  bo  learnc<l  concerning 
the  nature  of  Antarctic  land.  During  the  (,'kallevyer  expedition,  trans- 
ported fragments  of  continental  rocks  were  never  found  toward  the 
central  iMrtions  of  the  great  ocean  basins  in  tropical  and  subtropical 
regions.  The  only  rocks  dredged  from  these  areas  were  fragments  of 
pumice  or  angular  rock  fragments  of  volcanic  origin.  In  the  Cen- 
tral Pacific,  however,  as  tlie  fortieth  pandlel  of  stnitU  latitude  was 
approached — therefoiejust  beyond  the  limit  to  which  Antarctic  icebergs 
have  been  observed  lodrift^ — a  few  rounded  frngments  of  granite  and 
quartz  were  dredged  from  the  bottom  of  the  sea;  similar  fragments 
were  obtained  in  the  South  Atlantic  in  high  latitudes,  and  na  the  Chal- 
lenger proceeded  toward  the  Antarctic  Circle  in  the  South  IndiauOcean 
these  fragments  of  continental  rocks  increased  in  number  till,  at  the 
most  southerly  jtoiuts  reached,  they,  along  with  the  mineral  particles 
and  muddy  matter  derived  from  continental  land,  made  up  by  far  the 
larger  part  of  the  deposit.  These  fragments  consistetl  of  granites, 
f)uartziferoiiB  diorites,  schistoid  diorites,  am|>hibolites,  mica  schists, 
grained  quartzitcs,  sandstone,  a  few  fragments  of  compact  limestone, 
and  partially  de<^oniposed  earthly  shales.  These  lithologicat  types  are 
distinctly  indicative  of  continental  land,  and  remembering  what  lias 
just  been  said  as  to  their  distribution,  it  seems  wholly  unnecessary  to 
refute  the  suggestion  that  these  fragments  may  have  been  transported 
from  the  northern  continents. 

Froiis  ctoihI.  All  IheBB  gcimra  havit  n  iviilo  iliKtribntion  in  time,  mid  cniiHei[ii(^iitl)' 
letl  little  iiB  tn  tlio  a){o  of  tlic  fuMilti;  but  Home  of  the  RbellR  present  so  close  n  reBsiii- 
blnnro  toei>cclpa knoirn  tnocniTin  Iionor  Tertinrj  bRilMiii  Dritalti,  and  to  uthcraof 
aliont  tlie  fnma  nj^o.  rcvonlril  liy  Damin  mid  B:iker,  from  I'atnf^iiia,  r.»  to  n)nk»  it 
bigblv  prulinblc  tliiit  Ibeso  Aiitiirctic  f<w*il9  nro  likeniso  of  Lower  Tertiorj  ace. 
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Glnacoiiite  is  auotlicr  mineral  wLicli  was  procured  in  Ibe  blue  muds 
neui'  Antarctic  land.  Tbis  inineial  fills  the  sbclls  of  foraminifera  and 
otlicr  calcareoiiR  organiHni»,  and  lias  lieen  found  in  the  muds  along 
nearly  all  coutineutal  shores  wliei-e  tlic  debris  of  continental  rocks  makes 
up  the  greater  part  of  the  deposit,  Glaueonitc  is  now  in  process  of 
formation  in  all  these  positiooH,  but  it  iti  apparently  wholly  absent  from 
the  pelagic  dei>o3its  of  the  great  ocean  ba»ins  far  f^-oni  continental  land, 
as  well  as  from  the  det>osits  anmnd  volcanic  islands.  Its  presence  in 
the  blue  muds  of  the  far  south  is  therefore  most  suggestive  of  an  Antarc- 
tic continent. 

When  wo  come  to  estimate  the  extent  of  this  sixth  continental  area, 
greater  difiicultics  are  presented.  A  knowledge  of  the  depths  of  the 
surrounding  ocean  would  enable  the  outlines  to  be  drawn  with  great 
exactitude,  but  unfortunately  the  jMisitions  where  accurate  soundings 
have  been  taken  are  few  and  far  between.  In  the  South  Pacific,  South 
Atlantic,  and  South  Indian  oceans,  between  the  latitudes  of  30°  and 
50°  soittb,  we  have  most  excellent  lines  of  soundings  right  round  the 
world  and  in  these  latitudes  the  average  depth  of  the  ocean  is  over 
2,300  fathoms,  or  about  2j  miles.*  Between  the  latitudes  of  50°  and 
Gjo  south,  the  indications  wc  possess  appear  to  show  a  gradual  shoal- 
ing, with  an  average  depth  of  about  1,700  fathoms,  or  nearly  2  mile^. 
J  have  been  criticised  for  showing  on  bathyniotrical  charts  a  great  depth 
in  the  Southern  Ocean  to  the  southwest  of  south  Georgia,  This  has  been 
done  be<;anseof  a  sounding  by  Koss,  who  (midont  4,000  fathoms  of  lino 
at  this  spot  without  Hading  bottom.  Koss  knew  iierft-<:tly  well  how  to 
take  deep-sea  soundings,  and  his  observation  seems  to  show  that  the 
ocean  is  here  deeper  than  4,000  fathoms,  and  this  may  well  be  accepted 
till  disproved  by  more  trustworthy  results;  bedsides  the  temi)erature  of 
the  deep  water  to  the  east  of  South  America  points  to  a  great  depth  in 
this  region.  The  depths  obtained  by  the  Challenger  in  the  neighbor- 
hood of  the  Antarctic  Circle  were  l,07.'i,  1,S00,  and  1,3U0  fathoms,  and 
judging  from  the  nature  of  the  dejwsits  1  think  all  these  were  within 
100  or  200  miles  from  land.  Wilkes  obtained  depths  of  , WO  and  800 
fathoms  about  20  or  30  miles  from  the  shore  of  Adctie  Land,  and  Koss 
obtained  many  soundiiigsof  from  100  to  500  fathoms  all  over  a  great  bank 
extending  200  miles  to  the  east  of  Victoria  Land ;  similar  depths  have 
been  found  to  extend  to  some  distjini-e  to  the  east  of  Joinvitle  Land  to 
the  south  of  Cape  Horn,  We  have  no  trustworthy  indications  of  ridges, 
barriers,  or  banks  extending  far  northwanls  fVoni  AntJirctica.  It  is, 
therefore,  most  probable  that  the  northern  continents  are  everywhere 
cut  off  from  the  Antarctic  land  mass  by  a  depth  approaching  to,  if  not 
exceeding,  2  miles.  Taking  all  these  indications  into  consideration  1 
have  shown  on  the  map  what  I  believe  to  be  the  jirobable  imsition  and 
extent  of  Antarctica.  Like  other  continents*  it  would  appear  to  have 
mountain  ranges  with  volcanoes  facing  one  ocean,  and  lower  hills  and 

'  See  iici'oiiiT>niij'iii(;  inaii  or  Koiitli  l'ot;ir  itntn.  ^->  • 
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great  lowland  plains  stretohiog  towarti  tUe  otUer  ooean  basUis.  In 
order  to  accoaot  for  the  distribution  of  terrestrin)  orgMiisms  in  the 
Soatbem  Hemiephere,  some  naturalists  believe  that  there  must  have 
been  in  recent  geolo^eal  times  a  great  estension  of  Antarctica  towardu 
the  tropics.  However  this  may  bo,  all  will  agree  that  a  very  necessary 
preliminary  to  any  profitable  discussion  of  so  ditBcnlt  a  subject  most 
be  a  fuller  knowledge  of  the  present  conditions  that  prevail  through- 
out the  Soatbem  Hemisphere,  sach  as  a  new  expedition  aloue  cau  be 
expected  to  supply. 

All  observers  agree  iu  representing  the  great  Antarctic  land  mass  to 
be  buried  heueath  a  heavy  capping  of  perpetual  ice  and  snow.  The 
nucleus  of  rock  is  only  revealed  in  off-lying  islands,  or  on  the  face  of 
high  and  bold  escarpments.  The  outlines  and  larger  futures  of  the 
mountain  ranges  are  uot  obliterated  in  the  highland  near  the  coasts  at 
all  events,  for  peak  after  peak  with  varied  contours  are  seen  to  ri8e,oue 
behind  the  other,  towards  the  interior. 

The  8I10W  and  ice  which  descend  froiu"the  steep  seaward  face  of  the 
Admiralty  and  Prince  Albert  ranges  of  Victoria  Land, while  fillingnp 
the  valleys  and  bays,  do  not  present  an  inaccessible  face  of  ice  at  all 
parts  of  the  coast,  although  this  is  olten  stated  to  he  the  case.  Boss 
himself  say»:  "Had  it  been  possible  to  have  found  a  place  of  security 
(for  the  ships)  upon  any  part  of  this  coastr,  where  we  might  have 
wintered  iu  sight  of  the  brilliant  burning  mountain,  aud  so  short  a 
distance  from  the  magnetic  pole,  Imtli  of  these  interesting  spots  might 
easily  have  been  reached  by  travelling  [lartiesin  the  following  spring." 
McOormick,  a  member  of  Ross's  expedition,  recommends  Macmnrdo 
Bay,  at  the  foot  of  Mount  Erebus,  as  a  place  where  winter  quarters 
might  lie  found,  aud  hints  that  there  would  be  no  difficulty  iu  ascending 
and  travelling  over  the  land. 

The  ice  and  snow  however  which  form  on  the  slopes  of  the  mountain 
ranges  faciug  the  interior  of  Victoria  Land  descend  to  the  lower  reaches 
of  the  continent,  where  they  accumulate  in  vast  uudulatiug  fields  and 
plains,  hundreds  of  feet  in  thickness,  and  ultimately  this  great  glacier 
or  ice  cap  is  pushed  out  over  all  the  lowlands  iutx)  the  ocean,  forming 
there  the  true  ice  barrier,  a  solid  perpendicular  wall  of  ii^e,  probably 
from  1,2(10  to  1,500  feet  in  thickness,  rising  from  l.W  to  200  feet  nbove. 
and  sinking  1,100  to  1,400  feet  below  the  level  of  the  sea.  When  the 
foi-efroutsoftbis  great  creeping  glacier  are  pushed  into  depths  of  about 
300  or  400  fathoms,  large  sti-etches  are  broken  off  and  fioat  away  as  the 
oft- described,  perpendicnlar-faireil,  horizontalty-stratiSed,  table-topped 
icebergs  of  the  Antarctic  and  Southern  oceans,  which  may  be  miles  in 
length,  and  usually  lloiit  from  LW  to  200  feet  in  height  above  the  sea 
surface." 

'A  floating  iceberg  will  have  ^-6  par  I'etit  uf  its  volume  immeraed  it  it  liavii  the 
same  temperature  and  cnuaisleiK^.v  thruuglioiit.  The  upper  laj'ers  of  tbeac^  ire  ialiiiids 
are  bonover  much  less  dense  than  the  deep-blue  luwer  layers,  and  thereroru  it  is 
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TSo  sooner  do  these  great  ice  ialaodii — these  majestic  and  sabUme  sen- 
tioel  ontposta — of  Aatarctica  sail  forth  ou  their  new  career,  than  they 
collide  the  one  with  the  other;  the  ft'agments  of  impact  are  scattered 
over  the  surface  of  the  ocean,  aud,  with  similar  fVagments  derived  &om 
the  steeper  land  alopes,  vith  salt-water  ice,  and  accnmulatious  of  snow, 
they  form  what  is  Ituown  as  the  pack.  This  pack,  when  heavy  and 
closely  set,  lias  been  erroueonsly  called  by  Wilkes  and  other  writers 
the  ice  barrier — a  name  which  should  only  be  nsed  to  designate  the 
solid  continuous  ice  wall  that  is  pushed  into  the  sea  from  the  central 
regions  of  the  continent,  such  as  that  along  which  Boss  sailed  for  300 
miles. 

Waves  dash  against  the  vertical  faces  of  the  floating  ice-islands  as 
against  a  rocky  shore,  so  that  at  the  sea  level  they  are  first  cut  into 
ledges  and  gullies,  aud  then  into  caves  aud  caverns  of  the  most  heavenly 
blue,*  from  out  of  which  comes  the  resounding  roar  of  the  ocean,  and 
into  which  the  snow-white  and  other  petrels  may  be  seen  to  wing  their 
way  through  guants  of  soldierlike  penguins  stationed  at  the  entrances. 
As  these  ice  islands  are  slowly  drifted  by  wind  and  current  to  the  north, 
they  tilt,  turn,  and  sometimes  capsize,  and  then  submerged  prongs  and 
spits  are  thrown  high  into  the  air,  producing  irregular  pinnacled  bergs 
higher,  possibly,  than  the  original  table-shaped  mass.  As  decay  pro- 
ceeds, the  imprisoned  bowlders,  stones,  and  earth  are  deposited  over 
the  ocean's  floor  as  far  as  sub-tropical  regions. 

The  late  Mr.  Croll  u^ed  to  speak  of  au  accumnlation  of  ice  and  snow 
at  the  South  Pole  10  and  even  20  miles  in  thickness;  but  from  all  we 
know  of  the  properties  of  ice,  and  the  relation  of  its  melting  or  freez- 
ing point  to  temperature  and  pressure,  it  is  highly  improbable  that  such 
a  thickness  of  ice  will  be  found  on  any  part  of  the  Antarctic  continent. 
If  the  snow  cnp  rests  on  rock  of  a  temperature  half  a  degree  below  the 
freezing  i>oint,  then  the  greatest  thickness  of  ice  formed  ou  the  conti- 
nent would  not  likely  exceed  1,600  or  1,S00  feet,  and  this  appears  to  be 
just  a  little  more  than  the  greatest  thickness  of  the  great  ice  harrier 
when  it  is  floated  olt'  into  the  ocean  as  ice  islands.  This  may  possibly 
represent  the  greatest  thickness  that  cau  be  formed  nnder  existing  con- 


mMt  probable  that  the  height  nhnie  water  ia  abnut  one-eeventh  of  the  total  thirk- 
DCBB  of  the  berg. — See  Murray,  "  Tbu  Exploration  of  the  Antarctic  Regioug,"  SeoI. 
Gtogr.  Mag.,  1886,  vol,  ii,  p.  S53. 

*Thede«p  blue  color  ia  due  to  the  fact  that  all  the  air  baa  been  expelled  from  the 
deeper  parts  of  the  ice  cap  by  the  couataiit  meltiug  aad  regelatiou  irhich  takes  plaeo 
throDghout  the  wbole  moHS  as  it  moves  over  tbe  loud.  When  a  caimon  Lall  noa 
fired  into  this  azure-blue  ice  the  ball  did  not  peuotrate,  but  large  uiosaeB  of  ice  full 
away,  the  fractures  having  n  coDchoidal  appearance  like  glass.  Wben  a  ball  was 
fired  Into  the  npper  areolar  white  layers  of  a  table  berg  it  peuetrDl«d  without  pro- 
dnciug  any  visible  effect.  Fragments  of  tbe  white  areolar  layers  were  subjected  to 
piwsnre  and  impact  on  board  ship,  and  it  wan  observed  that  theae  fragments  could 
be  easily  deformed,  while  fragments  of  the  transparent  ar.u  re -blue  ice  behaved  quit* 
difl'erently  under  the  same  tests,  resembling  a  purely  crystalline  substance. 
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ditions."  A  |wrly  of  well-eqnipped  observers— wUo  anould  spend  a 
winter  on  tbe  AntJtn-lic  contmcDt— would  doubtless  bring  back  valaa- 
ble  iut'ormatioD  for  tlio  <li8cu»sJoii  of  thi-s  intei-CMtiuf;  problem,  such  a^< 
Kcrial  temperatures  from  boring8iiitlieicerap,botli  vertieuUyaiid  lion 
zontally,  tlie  temperature  of  tlie  eartli'^  suiface  beneath  tbe  ice,  xrhetber 
or  not  water  runs  away  from  under  tbe  glai-iers,  aa  w  ell  iia  observations 
couccniing  tbe  apitearaneeof  tbe  upper  surface  of  tbe  ice  fields  and 
tbe  motion  of  tne  ice  over  tlie  land. 

Our  knowb'dgo  of  tbe  meteorology  of  tlie  Antarctic  regions  is  limited 
to  a  few  observations  during  tbe  summer  nionllis  iu  very  reRtrict«<) 
localities,  and  is  tberelbic  most  imperfect.  One  of  tbe  most  remarka- 
ble features  iu  tbe  meteorology  of  tbe  globe  is  tbe  low  atmospberic 
pressure,  maintained  iu  all  seasons,  in  the  Soutbein  Hemispbere  sontb 
of  latitude  40<^  sontb,  witb  its  inevitable  attendant  of  Strang  westerly 
winds,  large  rain  and  snow-fall,  all  round  the  globe  in  these  latitudes. 
The  observations  hitherto  made  pointto  tbe  cxistenceover  certain  parts 
of  these  latitudes  of  a  mean  pressure  of  29*00  inches  and  under, — as 
for  esample  to  the  southeast  of  the  Falkland  Islands  and  to  tbe  south- 
east of  New  Zealand. 

On  the  otber  band,  in  the  Arctic  regions  there  is  in  the  winter  months 
no  such  system  of  low  piessnie  in  similar  latitudes,  but  instead  there 
.ire  two  systems  of  low  pressure,  baving  a  mean  of  29-50  inches,  which 
are  absolntcly  restricted  to  tbe  northern  portions  of  tbe  Atlantic  and 
Pacific  oceans.  Over  the  rest  of  tbe  Arctic  regions  proper  tbe  mean 
atmospheric  pressure  exceeds  30'()0  inches,  being,  roughly  speaking, 
about  the  same  as  the  mean  pressure  of  London.  In  accordance  witb 
this  distribution  of  pressure,  observations  show  that  northerly  winds 
immensely  preponderate  over  Arctic  and  snb-Arctic  regions.  Tbe 
large  number  of  metonrologienl  observations  made  during  the  present 
century  in  tbe  higli  latitudes  of  tbe  Northern  Beinis|tberc  place  these 
facts  in  the  clearest  light,  and  they  are  admirably  leprcscnted  by  Dr. 
Bucban  in  his  new  isoburic  charts  wliicb  acfrompany  the  Vlmtlenffer 
re()ort. 

In  the  Northern  llemispbere  tbe  land  almost  completely  surrounds  the 


'  See  Mnrr.i;  op.  lil..  p.  531):  18tK>.  Tliu  niolioii  of  £lACii>rs  is  oltcn  pompai'oil  to 
tliat  nf  rivers  nnd  ol'  riscciiia  bmlies;  but  thcw-  coiiipariwns  fire  not  strict] j  correct, 
anil  majr  sometimrg  liE!  iiiiHleailJii|>.  T!io  prculiarily  ol' icu  iiiotinii  and  its  erosive 
power  nppear  to  Uo  laijioly  iliiti  to  Ihn  fact  tliat  its  ineltins  or  frei'^iiiK  |ioiut  voriea 
with  tent per.it urc  ixniX  pressnro,  TLe  prcMiiro  being ii'^equallydiHtribiiled  tbrougb- 
oiit  tlid  glacier,  minnic  crystals  of  ico  are  melted  where  the  prcHB lire  ifl  greatest;  the 
resiiltiug  water  occupying  lens  Rpacc,  legelalioD  ut  oni'e  takes  pliice,  and  where  the 
ice  IS  wholly  compact  and  crystalline  pressure  is  exerted  in  all  directions,  motion 
taking  place  in  the  path  of  lenst  resistance.  Tlie  imuRiiBe  tliickuess  nf  ire  snme- 
times  invoked  does  not  seem  nccpssnry  to  ncconnt  for  the  iirosivocn'ects  produced  by 
glaciers.  The  stmtiBcil  .ipponranrc  of  the  sniitliern  icebergs  is  evidently  due  to  the 
coustant  meltint;  nnd  regelation  which  go  on  tlironghont  the  ice  cap;  in  the  deeper 
parts  of  the  berg«  these  layers  nm  not  thicker  than  wafers,  and  where  the  ice  is 
wholly  crystalline  the  layers  diitapjiear  nltc)Eether. 
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Arctic  Ocean;  in  tbe  Southern  Heniis])herc  the  open  ocean  completely 
Burronntls  the  Antarctic  continent,  and  this  ojwn  ocean  carries  with  it 
the  low  barometric  iiresaiire  all  n>nii(l.  Now,  if  the  low  pressure  still 
farther  <lcepenecl  with  increase  of  latitude  towards  tlio  Soutli  Pole,  it  is 
certain  that  the  prevailing  windti  over  all  these  lii^li  latitudes  would  he 
northwesterly  and  northerly.  But  the  observations  made  by  Ross,  the 
Cliallenger,  and  more  recently,  in  latitudes  higher  than  00^  south,  by  the 
Dundee  whalers  and  others,  (juite  nttanimnusly  tell  its  that  in  these 
high  Bonthern  hititudes  the  predominating  windH  arc  southerly  and 
southeasterly.  Thus,  duringthe  winter  of  18EI2-'!)3,  in  latitudes  higher 
than  (WO  8outh,half  of  tho  whole  winds  recorded  by  the />iflrtrt  were  south, 
southeast,  and  east,  being  directions  opi>usite  to  the  winds  which  would 
certainly  prevail  if  pressure  diminished  steadily  to  the  South  Pole. 
Suc-h  surface  currents  as  have  been  observed  in  the  Antarctic  Ocean 
come  also  fmni  south  and  southeast. 

All  the  teaching  of  meteorology  therefore  indicates  that  a  large 
anticyclone  with  a  higher  pressure  than  prevails  over  the  ojien  ocean  to 
northwards  overspreads  the  Antarctic  continent.  While  thisanti-cy- 
clonic  region  may  not  bo  characterized  by  an  absolutely  higli  pressure 
at  all  seasons,  it  must  be  high  relatively  to  the  very  low  pressure  which 
prevails  to  the  northward.  The  southerly  outflowing  winds  which 
aiwompany  this  anti-cyclone  will  be  dry  winds  and  attended  by  a  small 
pre4:ipitation.  It  is  probable  that  about  74'^  south  the  belt  of  excessive 
prectpitntion  iias  been  passed,  and  it  is  even  conceivable  that  at  the 
pole  precipitation  might  be  very  little  in  excess  of,  or  indeed  not  more 
than  equal  to,  the  evaporation.  Kven  one  year's  observations  at  two 
]M>itit8  on  the  Antarctic  continent  might  settle  this  point,  and  enable  us 
to  form  a  tolerably  complete  idea  of  the  annual  snow-fall  and  evajwra- 
tiuu  over  the  whole  continent.  An  approximate  estimate  might  then 
l>e  given  of  the  aiipnal  discharge  from  the  solid  glacier  rivers  into  the 
surrounding  ocean.  Indeed  it  is  impossible  to  over  estimate  the  value 
of  Antarctic  observations  for  the  right  understanding  of  the  general 
meteorology  of  tlie  globe. 

Not  less  Interesting  than  the  meteorology  of  the  land  area  is  that  of 
the  ocean  in  southern  latitudes.  In  the  neighborhood  of  the  Antarctic 
Circle  the  temperature  of  the  air  and  sea  surface  is,  even  in  summer,  at 
or  below  the  freezing  point  of  fresh  water.  A  sensible  rise  takes  place 
abinit  tbe  sixtieth  [larallel,  and  a  t«mperaturc  of  38"^  F.  has  been  recorded 
in  that  latitude  in  March  for  both  the  air  and  sea  surface.  The  general 
result  of  all  the  sea  temperatures  observed  by  Cool;,  Wilkes,  Boss,  and 
tiic  Challenger  in  the  Antarctic  Ocean  sliows  that  a  layer  of  coI<l  water 
underlies  in  summer  a  thin  warm  surface  stratum  and  overlies  another 
warm  but  deei>er  stratum  towards  the  bottom.  The  cold  stratum  extends 
like  a  wedge  northwards  for  at)out  \2P.  At  depths  between  50  and  30U 
fathoms  at  the  southern  thick  end  of  the  wedge  the  temperature  is  28^ 
F.,  and  at  the  northeru  thin  endof  tlie  wedgeitinci  eases  to  about  32-5° 
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at  80  fnthoms.  The  surface  layer  ranges  from  29°  in  the  soathto  38°  in 
the  north,  and  the  deeper  bottom  layers  range  from  32°  to  35°. 

Mr.  Buchanan  found  that  the  density  of  the  cold  layer,  and  indeed 
of  all  the  deeper  waters,  was  higher  than  that  of  the  surface,  and  his 
a^lmirable  researches  on  the  effects  produced  by  freezing  sea  wat«r, 
appear  to  give  a  satisfactory  explanation  of  the  effect  of  these  phenomena 
on  the  distribution  of  temperature  in  this  ocean,  it  has  been  found 
that  sea  water  on  freeiiing  is  divided  into  two  saliniferous  parts,  one 
solid,  which  is  richer  in  sulphates,  and  one  liquid,  which  contains  pro- 
portionally nioro  chlorides  than  the  parent  sea  water.*  The  liquid 
brine  thus  producedisdenser,  and  sinks  iuto  the  underlying  water,  thna 
rendering  the  deeper  water  more  saline  and  at  the  same  time  lowering 
its  temperature.  In  a  basin  isolated  from  general  oceanic  circulation, 
like  the  Norwegian  basinof  the  Arctic  regioue,  there  is  produced  in  this 
way  an  uniform  temperature  of  about  29°  F.  in  all  the  deeper  waters, 
but  DO  ti'ace  of  this  stiita  of  matters  is  found  in  the  Antarctic.  On  the 
contrary,  at  the  ereater  depths  a  temperature  is  found  somewhere 
between  32°  and  31°  F.  as  Jar  south  as  the  Antaictic  circle,  and  not 
therefore  very  different  from  the  temiwrature  of  the  deepest  bottom 
water  of  the  troincal  regions  of  the  ocean. 

The  presence  of  this  relatively  warm  water  in  the  deeper  parts  of  the 
Antarctic  Occau  may  be  e^tplained  by  a  consideration  of  general  oceanic 
circulation.  The  warm  tropical  waters  which  are  driven  southwards 
along  the  eastern  coasts  of  South  America,  Africa,  niid  Australia,  into 
the  great  all- encircling  Southern  Ocean,  there  become  cooled  as  they 
are  driven  to  the  east  by  the  strong  westerly  winds.  These  waters  ou 
account  of  their  high  salinity,  can  suffer  much  dilutiou  with  Antarctic 
water,  and  still  be  denser  than  water  from  these  higher  latitudes  at  the 
same  temperature.  Here  agaiu,  the  density  observations  indicate  that 
the  cold  water  found  at  the  greaterdepthsof  the  ocean  probably  leaves 
the  surface  and  sinks  toward  the  bottom  in  tbe  Sonthern  Ocean  between 
the  latitudes  of  45°  and  56°  south.  These  deeper,  but  not  necessarily 
bottom,  layers  are  then  dmwn  slowly  northward  toward  the  tropics  to 
supply  the  deliciencies  there  produced  by  evaporation  and  southward- 
flowing  surface  currents,  and  these  deeper  layers  of  relatively  warm 
water  appear  likewise  to  be  slowly  drawn  southwards  to  the  Antarctic 
area  to  suppiy  the  place  of  the  ice-cold  currents  of  surface  water  drifted 
to  the  north.  This  warm  underlying  water  is  evidently  a  potent  factor 
in  the  melting  and  destruction  of  the  huge  tabIe-toppe<l.icebergBof  the 
sonthern  hemisphere.  While  these  views  as  to  circulation  appear  to 
be  well  eatabhshed,  still  a  fuller  examinatiou  of  these  waters  is  most 

*  PetteTBseo  baa  ahowD  tbat  sea  ice  expands  irregularly  with  heat,  aDd  that  the 
latent  beat  iB  abnormal,  being  less  than  that  of  pure  ice.  He  alao  found  tbat  the 
chemical  composition  of  the  briiieB  formed  in  Arctic  seas  by  tbe  freezing  of  ice  otit 
of  a  limited  quantity  of  water  is  different  from  that  of  sea  water  ibietf.  There  is, 
however,  no  certaioty  tbat  thia  behavior  of  the  ico  aud  free  sea  water  is  dae  to  the 
formatioD  of  tbe  hypothetical  cryohydratM  of  Gutbrie. 
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desirable  at  different  seasons  of  tlie  year,  witb  improved  tliermoioelers 
and  other  iustrument«.  Here,  again, anew  Antarctic <'\|iedition  wonid 
supply  tbe  kiiowletlge  cisential  to  a  correct  solutiou  of  many  problems 
in  Oceauogra|)hy.  Boas  di^scHbes  a  strong  tidal  current  and  rip  between 
Possession  Island  and  the  mainland  of  Victoria,  but  on  the  whole,  we 
liave  very  little  iuformatiou  concerning  the  tides  and  surface  currents 
in  tbe  Antarctic. 

No  land  auima),  and  no  trace  of  vegetation,  not  even  a  lichen  or  a 
piece  of  seaweed,  has  been  found  on  laud  within  the  Antarctic  circle. 
On  Cockburn  Island,  in  latitude  64<^  soutli.  Hooker  collocated  twenty 
cryptogamic  species,  three  of  them  seaweeds,  and  this  may  be  regarded 
us  not  far  from  tlie  southern  limit  of  terrestrial  vegetation.  The  fossils 
and  fossiliferoas  beds  above  referred  todistinctly  indicate  the  existence 
of  more  genial  conditions  within  the  Antarctic  in  past  geological  times, 
and  should  be  fully  explored. 

When  we  turn  to  tbe  waters  of  the  Antarctic  Ooean,  we  &tid  at  tbe 
present  time  a  great  profusion  of  life,  both  animal  and  vegetable.  Dur- 
ing the  ChalleHt/er  expedition,  myriads  of  miuute  Bpherical  tetrasporse 
were  observed  to  give  the  sea  a  peculiar  green  color  over  targe  areas. 
Diatoms  were  frequently  in  sucb  enormous  abundance,  that  the  tow  nets 
were  filled  to  the  brim  witb  a  yellow-brown  slimy  masn,  with  a  distress- 
ing odor,  through  which  various  crustaceans, annelids,  and  other  animals 
wriggled. 

As  these  marine  algte  are  the  primary  source  of  food  in  tbe  sea,  their 
great  development  in  the  Antarctic  Ocean  leads  to  a  corresponding 
abundance  of  animals.  Occasionally  vast  quantities  of  Oopepods 
Amphipods,  and  Schizopods  were  observed  to  give  the  ocean  a  dull 
red  color,  and  the  more  delicate  tow  nets  were  at  antiii  times  so  filled 
with  these  animals,  that  they  occasionally  burst  on  being  hauled  on 
board  ship.  These  small  crustaceans  »re  iu  turu  the  chief  food  of  the 
fishes,  penguins,  seals,  and  whales,  which  abound  in  the  waters  of  the 
Great  Southern  Ocean. 

Organisms  such  as  the  diatoms  and  radiolaria,  which  secrete  silica, 
and  the  foraminifera  and  pteropods,  which  secrete  carbonate  of  lime, 
are,  on  account  of  their  distribution,  the  most  interesting  of  all  the 
pelagic  creatures  captured  in  the  surface  and  sub-sarface  waters  of  the 
ocean.  Near  Antarctic  land  the  deposits  at  tbe  bottom  of  the  sea  are, 
as  aU-eady  stated,  mostly  made  up  of  rock  fragments  and  detritus  from 
the  snow-clad  Antarctic  continent.  A  little  to  the  north  tbe  number 
of  these  particles  decreases,  and  they  are  largely  replaced  by  the  dead 
frustrules  of  diatoms  and  radiolaria,  and  then  we  find  a  pure  white 
siliceous  deposit  at  tbe  bottom,  which  is  called  a  diatom  ooze.  Still 
farther  to  the  north,  when  the  influence  of  the  warm  northern  currents 
commences  to  be  felt,  the  diatoms  are  largely  replaced  on  the  surface 
by  the  calcareous  shells  of  foraminifera  nnd  ptoraiwds,  and  at  the 
bottom  of  the  sea  in  these  latitudes  the  diatom  ooze  gives  place  to  a 
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piiikieli-wliitc  f;tol>igeriiia  ooze,  composed  cliictJy  of  oarbouate  of  lime. 
Still  fiirtlier  to  tlie  iiortli,  about  the  Intit^idc  of  40^  sontli,  tlto  Roa  is 
often  about  3  miles  in  depth,  and  in  sucb  deiitlia  where  far  removed 
fiDm  cuntincittal  land,  the  calcareonK  shells  are  for  the  most  part  dis- 
solved, and  there  is  a  very  remarkable  de)K>sit  at  the  bottom,  composed 
of  a  flue  red  rlay,  iiinngaiiese  no<lule8,  zeolitic  crystals,  magnetic  aiid 
metiillic  ^iiherules  of  extra-terrestrial  origin,  thousands  of  sharks'  teeth, 
and  the  remains  of  whales  and  other  cotiteeans.  In  these  red  clay  ai-ejis 
the  tranl  brought  up  in  a  single  haul  over  1,M0  sharks'  teeth,  some  of 
them  a«  large  as — and  not  to  be  distinguished  from — the  specimens  of 
Carc/iarof/oft  of  Tertiary  age;  associated  with  these  teeth  were  fiUur  GO 
earbonesof  ziphtod  whales  and  other  cetaceans,*  From  a  careful  con- 
sideration of  all  the  conditions,  it  seems  to  me  that  deposition  rs,  in 
these  places,  at  the  minimum,  and  that  since  Tertiary  times  tliei-e  may 
not  have  been  over  a  few  inches  of  dejiosit  laid  down  in  these  red  clay 
areas.  A  new  expedition  might  thoroughly  explore  one  of  these  peculiar 
and  instructive  deposits. 

Ail  over  the  lloor  of  the  Antarctic  Occiin  there  is  a  most  abundant 
fauna,  appaiently  more  abnndant  and  more  peculiar  than  in  any  other 
region  of  the  ocean's  bed.  In  one  liaul  made  by  the  Challenger  in  a 
depth  of  2  nidfs  in  latitude  il'^  south,  the  trawl  brought  up  (exchid- 
iiig  protozoa]  over  200  specimens  belonging  to  SO  species  of  animals, 
of  which  7;J  were  new  to  scieiu-e,  including  representatives  of  28  new 
genera.  This  and  similar  trawlings  show  a  larger  number  of  indi- 
viduals, genera,  and  species  than  any  single  haul  from  similar  depths 
in  other  regions  of  the  oceans,  and  J  am  inclined  to  think  this  is  inti- 
mately connected  with  the  largo  number  of  siirliwro  creatures  which 
are  killed  in  these  latitudes  by  the  mi.xiiig  of  waters  from  the  tropics 
and  waters  from  the  Antarctic;  for  these  organisms,  on  falling  to  the 
bottom,  afl'ord  a  larger  supply  of  too<i  to  deep-sea  animals  here  than  in 
other  Im^alities. 

The  following  table  exhibits  the  total  result  of  the  ClmUcnger'a 
9  trawlings  and  dredgings  south  of  the  tbrty-tbird  parallel,  in  depths 
greater  than  1,200  fathoms;  830  animals  were  captured  (excluding  the 
protozoa)  belonging  to  398  species,  of  which  32ti,  or  nearly  all  those 
desfiibed,  were  new  to  science.  Of  these  102  new  species  and  30  new 
genera,  were  not  obtained  in  any  other  region  of  the  bed  of  the  ocean. 
Among  these  were  8  new  genera  and  r»0  new  species  of  cchinoderms, 
many  of  them  exhibiting  markwl  peculiarities.t  Many  oilier  forms, 
such  as  some  species  of  scrolls  among  the  Crustacea,  are  limited  to  the 
deep  water  of  the  Southern  Hemis|)here.  The  absence  of  some  grou|>s, 
such  as  the  brachyura,  in  all  these  dredgings  is  likewise  suggestive. 

■  See  Miiiray  anil  Reiiord,  Challenger  Roport  on  Deep-Sea  DepuHits.  IS9I,  p. 360. 

tNnmnly  ThanmaliKrinHt,  <:hitouaiter,  OphiopliHlhun,  Oiihhcfvibium.  SpalegocsttU, 
EchiHOfitpi$,  Genu'opalagiia,  am]  Sfolaanaua.  Alexander  AKQBBtr.eays:  *'Tlio  slip- 
p«r-8hapc(l  Echinoeiepii aui  tho  Gahriles-Viko  Crcchiii us  (Couail  only  iti  the ileep  water 
of  tbo  Antarctic  area),  remind  ns  of  types  nbicli  flonriahed  in  tbe  CretnceouB  aeaa," 
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/Jnimori  itictiiUag  tkr  Protozoa}  ublalunt  in  lAc  Irawt  and  drtdije  ty  the  CkalUngvr  ripe- 
dilioii  toaardi  the  Aataiclic  rtij'out  in  deplhi  grraltr  Ikau  t,SOU /alhonu. 
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It  is  moHt  probable,  indeed  almost  certain,  tliat  the  floor  of  the  ocean, 
118  well  na  all  pelagic  waters,  have  been  peopled  fhiDi  the  shallow  waters 
Hurroundiug  coiitineutal  land ;  and  here  in  the  deep  waters  of  the  Ant- 
arctic we  appear  to  have  very  clear  iudicatious  of  the  existence  of  the 
descendants  of  animals  that  once  inhabited  the  shallow  water  along 
the  shores  of  Antarctica,  while  in  other  regions  of  the  ocean  th«  descend- 
ants of  the  shallow  water  organisms  of  the  northern  continents  prevail. 
This  is  a  subject  of  great  int^treiit  to  all  biologists,  and  can  best  be 
studied  by  a  more  efScient  exploration  of  these  southern  latitudes. 

This  rapid  review  of  the  present  state  of  our  knowledge  concerning 
the  Antarctic  should,  if  in  any  way  successful,  have  at  the  same  time 
furnished  distinct  indicntious  as  to  the  great  extent  of  our  ignorance 
concerning  all  that  obtains  within  the  South  Polar  regions.  It  shoald 
likewise  have  enabled  you  to  appreciate  tlio  great  advantages  which 
would  How  from  successful  exploratiou  in  the  immediate  future. 

Within  the  past  few  months  I  have  been  in  communication  with 
geographers  and  scientific  men  in  many  pnrt^s  of  the  world,  and  among 
them  there  is  complete  unanimity  as  to  the  desirability,  nay, necessity, 
for  South  Polar  exploration,  and  wonder  is  expressed  that  an  expedition 
has  uot  long  since  been  fitted  out  to  undertake  iuvestigations  which,  it 
is  admitted  on  all  sides,  would  be  of  the  greatest  value  in  the  progress 
of  so  many  branches  of  natural  knowledge.  Prof.  Neuinayer,  who  has 
so  long  advocateil  South  I'ola,r  exploration,  says;  "It  is  certain  that 
without  an  examination  and  a  survey  of  the  magnetic  properlles  of  the 
Antarctic  regions,  it  is  utterly  hopeless  to  strive,  with  pnispects  of.Buc- 
oess,  at  the  advancement  of  the  theory  of  the  enrtb's  ma{;tiettsm." 
Other  eminent  geographers  and  scientific  men  urge  the  advantages 
which  would  accrue  to  other  branches  of  science." 

•Prof.  Alexaniler  hgaMti  writeu:  "I  wiPli  .\oii  the  lifst  anriCBS  wilh  yotir  jiro- 

pused  Aotftrctic  expcditioa.     What  yini  propoKo  doing  ia  the  rigbt  tbiug  to  do,  aud 

thotMnltaoagbt  to  bo  mottintereatiiig,  judging  from  tbo  little  we  know  of  the  fiiw 
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To  determiue  the  uatui'e  and  extent  of  the  Antarctic  coiitiueDt;  to 
penetrate  into  the  interior;  to  nscertain  the  depth  and  nature  of  the 
ice-cai);  to  observe  the  character  of  the  underlying  rocks  and  their 
fossils;  to  take  maguotical  and  meteorological  observations  both  at  sea 


ialanda  which  have  been  hastily  visited.  Your  scboine  of  having  the  ahipa  kept  at 
work,  souDdiDg,  drodging,  etc.,  while  the  land  parties aro  exploring  tlio  hiiid,  i?  the 
most  practical  Btideconomical  way  of  cart7iDjjuiisacbanexpt.'ditioD.  It ba;i always 
seemed,  to  me  siicli  a  waato  uf  tiiue  and  uiouey  to  have  the  sbipa  aud  their  cretrs  wait 
on  tholandsmcu." 

Prof.  Ernest  Haeckol  writes ; '  "  I  hava  heard  with  great  interest  thut  Etiglund 
has  the  design  of  setting  on  fuot  a  great  scientidc  exp<^dition  for  the  eiipltiration  of 
the  Antarctic  Ocean.  The  task  is  iu  fact  as  iuti^resting  as  it  is  pressing  and  iinpur- 
tant.  It  is  Tomarkable  bow  much  money  and  how  niuny  lives  hiive  been  olTered  by 
Europe  and  North  America  for  North  Polar  expeditions,  while  tho  ninch  less  known 
Sonth  Pole  has  seemed  almost  forgotten  since  Rosa's  time.  And  how  many  great 
and  important  problems  await  uolution  there!  The  British  nation  aooma  to  me  called 
upon  bofur*  all  uthcrs  to  cany  out  this  great  task,  and  to  send  a  ship  for  several 
j'cars  (including  wintering  at  a  station)  to  tho  tionth  Polar  Sea.  Tho  frnits  of  such 
an  oipedition  would  certainly  form  a  worthy  sequel  totUoae  which  yon  tuiveattainoil 
through  the  incomparable  CJ(aIIeni;er  expedition  with  its  wenlth  ofri'snlls.  It  wonld 
lay  the  foundation  for  all  time.  I  hope  and  wish  trom  my  heart  that  the  Englinh 
Oovemmeat  views  it  in  this  light,  and  will  grant  the  large  snppliiia  neceasary  foe 
this  expedition.  I  send  you  my  best  wishes  Tor  tho  apeudy  coiu|ili;Iiou  of  the  con- 
cluding volume  of  the  great  Chailcnger  work,  lliis  '  standard  work '  will  remain 
for  all  time  tho  foundation  for  all  biological  aud  thalaasograpbica)  investigations, 
in  relation  to  Plankton  and  Benthos  alike,  especially  of  tho  deep  sea.  The  thorough 
invcflCigation  of  tho  Ant-arctic  Ocean  with  its  fauna  and  Uorascems  to  me  u  necessary 
supplement  to  the  ChalleugcT  work." 

Prof.  F.  £.  fichnltze  writes;'  "You  wish  fur  my  opinion  on  tbonubject  of  a  more 
uxtensive  exploration  uf  the  Antarctic  region.  I  belie\'i;  1  sbiill  be  in  agreement, 
not  only  with  all  representatives  of  phyatcal  geugTa|)hy,  but  eapecially  with  :itl  tbo 
biologists  In  the  world,  when  I  say  that  there  is  no  region  of  tlio  anrfucu  of  our  globe 
which  is  so  little  known,  but  ao  much  dcaerves  a  thorough  investigation  as  precisely 
this  of  the  Antarctic.  Allow  mealsotocallyonrattentiun  tothu  fact  that,  of  all  the 
oceans,  the  southern  and  central  part  of  tho  Indian  Uocan  bos  hitherto  beeti.  least 
explored,  and  that  therefore  it  mightbe  advisable,  ifoiiportunityoflered— say,  during 
H  winter — to  make  an  excuraion  to  the  central  part  of  the  Indian  Oci'an.  In  the  ho))e 
tliut  to  the  great  Challengtr  ex|>odition  may  ho  added  one  similar  and  equally  rich  in 
results  fur  the  exploration  of  the  Antarctic,  I  wish  success  to  thia  important  uudor- 
taking  ttom  my  heart." 

Prof.  .1.  Thoulet  writes: '  "There  is  only  one  way  iu  which  to  answer  the  letter 
you  have  been  ao  good  as  to  write  to  me,  namely  tii  aoiid  you  my  warmest  encour- 
agement to  continue  the  great  and  noble  tank  uf  discuveriug  tlie  eoiTets  of  the  Aiit- 
nrclic  regions.  May  you  succeed  in  accomplinbiug  this  glorious  work,  which  ia  not 
only  Bcientidc  but  also  humanitarian.  -  -  -  AH  who  are  occupied  on  science  iu 
tlio  whole  world  earnestly  wish  for  your  suceeas.  To  tell  you  the  truth.  J  have  never 
been  very  enanioiirad  uf  Arctic  o>:i>editioDS ;  tho  North  Pole  is  contiuuutnl,  and  is  in 
cunsequence  the  domain  of  irregularity,  and  in  my  opinion  its  coniiutst  is  not  worth 
tbo  clTorta  which  it  baa  already  cost.  But  it  Is  quite  otuerwise  with  the  Antarctin 
regions,  which  arc  oceanic,  ond  therefore  8ub,ject  to  rule.  The  Arctic  phenomena 
are  complications  or  exceptions;  the  Antarctic  arc  general  phenomeun,  and  tlioit 
discovery  ia  bound  to  conduce  to  the  formulation  of  natural  laws— the  final  aim  of 
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»nd  on  land;  to  observe  tbe  lemperntiircortlio  nceau  at  all  depths  and 
seasons  of  tbo  year;  to  tako  pendulum  observations  on  laiiil,  and  possi- 
bly also  to  niaktf  gravity  observations  at  great  depths  in  the  oceini ;  to 
bore  throngh  tbo  dopositx  on  the  floor  of  tlio  ocean  at  («rtain  iioiiita  to 
ascertain  the  condition  of  tho  dee[>er  layers;*  to  stnind,  trawl,  and 
dredge,  and  study  the  character  and  distribution  of  marine  organisms. 
All  tliis  should  be  the  work  of  a  modern  Aiitan^tic  e\|tedition.  Fo  ' 
the  more  definite  determination  of  tlto  distribution  of  hiiul  and  wiUT 
on  our  planet;  for  the  solution  of  many  problems  concerniug  the  ice 
age;  for  the  better  determination  of  the  interna)  constitution  and 
KuporflcinI  form  of  the  earth;  for  a  nioie  complete  knowledge  of  thu 
laws  which  govern  the  motions  of  the  atmosphere  anil  hydrosphere;  for 
more  trustworthy  indications  as  to  the  origin  of  tenx'strial  and  marine 
plants  and  animals,  all  these  observations  are  earnestly  dciiiauded  by 
the  science  of  our  day. 

llow  then,  and  by  whom,  is  this  great  work  to  be  undertaken  f  I 
can  never  forget  my  sensations  when  once  in  theAicticl  was  tor  several 
hours  lost  in  a  small  boat  in  a  fog,  and  at  one  time  there  seemed  little 
chance  that  1  woidd  ever  regain  the  ship.  Xor  again  can  I  forget  one 
night  in  the  Antarctic  when,  with  much  an  xiety,  Oapt.  Nares,  his  officers, 
and  nteo,  piloted  the  CknUeugi-r  during  a  gale  through  blinding  snow, 
ice,  icebergs,  darkness,  and  an  angry  sea.  The  remembriince  of  these 
experiences  msikes  one  almost  fear  t<i  encourage  good  and  brave  men 
to  penetrate  these  forbidden  regions.  lUit  it  is  not  all  gloom  and 
depression  beyond  tttc  Polar  circles.  Suushine  and  lively  hope  soon 
return. 

A  few  months  ago  1  bade  gi>od  bye  to  Nansen  and  said,  1  expected 
within  two  years  to  welcome  him  on  his  return  fmiri  the  Ai-ctic;  but  1 
expressed  some  doubt  if  1  should  again  see  the  Fram.  "I  think  yon 
are  wrong,"  was  the  reply;  "I  believeyon  will  welcome  me  on  tliis  very 
deck,  and,  after  my  return  from  the  Arctic,  I  will  go  to  the  South  Pole, 
and  then  my  life's  work  will  be  linishetl."  This  is  a  spirit  we  must  all 
admire.  We  feel  it  deserves,  and  is  most  likely  to  command,  sncce-ss. 
All  honor  to  tliose  who  venture  into  the  far  north  or  far  south  with 
slender  resources  and  bring  back  with  tlieni  a  burden  of  new  observa- 
tions. 

A  dash  at  the  South  Pole  is  not  however  what  1  now  advocate,  nor 
do  I  believe  that  is  what  British  science,  at  the  present  time,  desires. 
It  demands  rather  a  steiuly,  continuous,  laborious,  and  systematic 
exploration  of  the  whole  southern  region  with  all  the  appliances  of  the 
moilern  investigator. 

This  exploration  shonld  be  undertaken  by  the  Itoyal  Navy.  Two 
ships,  not  excee<liiig  1,00U  tons,  should,  it  seems  to  me,  be  fitted  oat 

'  It  IB  buliovcd  tliiit  grikvit.v  d<itenuiD»tionB  luigbt  l>e  iua<le,  nn  nsll  tut  tbeilvposita 
bored  iuto  1>y  Nptiviiklly  cuuatructed  losttumeuts  let  dowD  tu  thu  buttom  fruai  tlie 
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for  a  whole  eoininisaioii,  80  as  to  extend  over  three  Buiniuera  niid  (wo 
winters.  Early  in  tlie  first  season  a  winteriug  party  of  about  ten  men 
shonld  be  lauded  somewhere  to  the  south  of  Cape  Horn ,  probably  about 
Bjsmunrk  Strait  at  Grabam'a  Laud.  The  expedition  Bhould  then  pro- 
ceed to  Victoria  Land,  where  a  second  similar  party  should  winter, 
probably  in  Macmurdo  Bay,  near  Mount  Erebus.  The  ships  should 
not  become  frozen  in,  nor  attempt  to  winter  in  the  far  south,  bat 
should  relurn  toward  the  uortfa,  conducting  observations  of  varioas 
kinds  aloug  the  outer  margins  of  the  ice.  After  the  needful  rest  and 
outat  at  the  Falklands  or  Australia,  the  position  of  the  ice  and  the 
temperature  of  the  ocean  should  be  observed  in  the  early  spriirg,  and 
later  the  wintering  parties  should  be  commnnicated  with,  and,  if  neces- 
sary, reinforced  with  men  and  supplies  for  another  winter.  During  the 
second  winter  the  deep-sea  observations  should  be  continued  north- 
ward, and  in  the  third  season  the  wintering  parties  should  be  picked 
up  and  the  expedition  return  to  England.  The  wintering  parties 
might  largely  be  composed  of  civilians,  and  one  or  two  civilianB  might 
be  attached  to  each  ship;  this  plan  worked  admirably  during  the 
Challenger  expedition. 

What,  it  may  be  asked,  would  be  the  advantages  to  trade  and  com- 
merce of  such  an  expeditionT  Itmustbe  coufesse^l  that  no  definite  or 
very  encouraging  answer  can  be  given.  We  know  of  no  extensive 
fisheries  in  these  regions.  For  a  long  time  seal  and  sea-elephant  fish- 
eries have  been  carried  on  about  the  islands  of  the  Southern  Ocean, 
but  we  have  no  indication  of  largo  herds  or  rookeries  within  the  Ant- 
an^tic  ('ircle.  A  whale  fishery  was  at  one  time  earrieil  on  in  the  neigh- 
borhood of  Kerguelen,  but  this  right  whale,  if  distinct  fh)m  or  identical 
with  BuUcna  australig,  appears  to  have  become  nearly,  if  not  quite, 
extinct.  Some  expressions  of  Ross  would  lead  one  to  suppose  that  a 
whale  corresponding  to  the  (ireenland  right  whale  inhabits  the  seas 
within  the  Antarctic  ice,  but  we  have  no  definite  knowledge  of  the 
existence  of  such  a  species.  Although  "  sulphur  bottoms"  {Balanop- 
tera  mueculua),  "finbacks"  {Balwnoptera  sibbaldii),  and  "humpbacks" 
(Megaptera  boopa)  are  undoubtedly  abundant,  they  do  imt  repay  cap- 
tore,  Rosa  and  McCormick  rei)ort  the  sperm  whale  within  the  Autarcttc 
ice,  but  there  is  some  doubt  on  this  point.  Though  penguins  exist  io 
countless  numbers  they  are  at  present  of  no  coinmerctal  value.  Deposits 
of  guano  are  not  likely  to  be  of  any  great  extent.  But  it  is  impossible 
to  speak  with  confidence  on  the  commercial  aspects  of  such  an  expedi- 
tion— the  unexpected  may  quite  well  happen  iu  the  way  of  discovery. 

With  great  confidence,  however,  it  may  be  stated  that  the  results  of 
a  well -organized  expedition  would  be  of  capital  importance  to  British 
science.  We  are  often  told  how  much  more  foreign  governments  do  for 
science  than  our  own.  It  is  assertetl  that  wo  are  being  outstripped  by 
foreigners  in  the  cultivation  of  almost  all  departments  of  scientific 
work.    But  in  the  practical  study  of  all  that  concerua  the  ocean  this  is 
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certainly  not  tlie  case,  for  however  closely  we  may  now  be  pressed  by 
some  foreign  nations,  we  have  had  ap  to  the  present  time  to  acknowl- 
edge neither  superiors,  nor  even  equals  in  this  branch  of  investigation, 
and,  if  we  be  a  wise  and  progressive  people,  British  science  will  always 
lead  the  way  in  this  direction.  When  Queen  Victoria  ascended  the 
throne  we  were  in  profound  ignorance  as  to  the  condition  of  all  the 
deeper  parts  of  the  great  ocean  basins;  now  we  have  a  very  accurate 
knowledge  of  the  conditions  which  obtain  over  the  three-foarths  uf  the 
earth's  surface  covered  by  the  waters  of  the  ocean.  This — the  inest 
splendid  addition  to  earth -know  ledge  since  the  circumnavigation  of  the 
world— is  largely  due  to  the  work  aud  exertions  of  the  Royal  Navy  in 
the  Challenger  and  other  deep-sea  expeditions,  and  the  mercantile  navy 
in  our  telegraph  ships. 

This  country  baa  frequently  sent  forth  expeditions,  the  primary 
object  of  which  was  the  acquisition  of  new  knowledge, — such  were  the 
expeditious  of  Cook,  Bobs,  and  the  Challenger;  aud  the  nation  as  a 
whole  has  always  approved  such  action  and  has  been  proud  of  the 
residts,  although  they  yielded  uo  immediate  retui-n.  Shall  it  be  said 
that  there  is  to  be  no  successor  to  these  great  expeditionst  The  pres- 
tige of  the  navy  does  not  alone  consist  in  its  powers  of  defeuse  and 
attack.  It  has  in  tiroes  of  peace  made  glorious  conquests  over  the 
powers  of  nature,  and  we  ask  that  the  ofBcers  anil  men  of  the  present 
generation  be  afforded  the  same  opportunities  as  their  predecessors 
There  should  be  no  observations,  no  experilneots,  no  investigations, 
uo  work  of  any  kind,  do  knowledge  of  any  kind,  with  reference  to  the 
ocean,  of  which  the  navy  has  not  bad  practical  experience.  And  what 
better  training  for  officer  and  man  than  in  an  expedition  sucli  as  that 
now  advocated  1 

A  preliminary  responsibility  rests  on  the  geographers  and  represent- 
atives of  science  in  this  coantry.  It  is  necessary  to  show  that  we  have 
clear  ideas  as  to  what  is  wanted,  to  show  that  a  good,  workable  scheme 
can  be  drawn  up.  When  this  has  been  done  it  should  be  presented  to 
the  Government  with  the  unanimous  voice  of  all  our  scientific  corpora- 
tions. Then,  I  have  little  doubt  that  a  minister  will  be  found  sufficiently 
alive  t«  the  spirit  of  the  times,  and  with  sufficient  courage  to  add  a  few 
thousand  {lounds  to  the  navy  vote  for  three  successive  years,  in  order  to 
carry  through  an  uodertahing  worthy  of  the  maritime  position  and  the 
scientific  reputation  of  this  great  Empire. 
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By  Henry  Sekboiim,  F.  L.  8.,  R  Z.  8. 


Geography,  the  child  of  Miitliematics  and  Awfroiiomy,  Htaml«  in  the 
relation  of  mother  to  halt' a  dozea  other  sciences,  wliich  bave  long  ago 
left  the  parental  roof  to  establish  sections  of  their  own.  Like  every 
other  science,  geography  is  so  closely  connected  with,  and  dependent 
oil,  its  allied  sciences  that  it  is  imptmsiblo  to  treat  of  the  one  witbout 
invading  the  province  of  the  others.  No  one  supposes  that  the  mak- 
ing of  maps  is  the  whole  duty  of  the  geographer.  The  aeeiirate  delin- 
eation of  the  trend  of  coast  Hues,  the  eourses  of  rivers,  the  heights  of 
mountains,  the  depths  of  seas,  or  tbe  position  of  towns  is  only  the  skel- 
eton whicb  nnderlies  tbe  real  science  of  geography. 

The  study  of  geography  may  be  divided  into  various  sections,  but  it 
must  always  be  remembered  that  they  dovetail  into  each  other,  as  well 
as  into  tbe  allied  sciences, to  such  an  extent  that  no  hard-and  fast  line 
can  be  drawn  between  them.  The  object  of  dividing  so  comprehensive 
a  section  as  that  of  geography  into  sub-sectionB  is  more  practical  than 
scientific.  The  classification  of  facts  is  an  important  aid  to  memory, 
and  introduces  order  into  what  might  otherwise  seem  to  be  a  chaos  of 
know  ledge. 

The  foundation  of  all  geography  is  exploration ;  but  before  the  trav- 
eller can  do  good  geographical  work  he  must  acquire  the  necessary 
knowledge  embraced  in  tbe  science  of  cartograjdiy.  This  includes  a 
practical  aequaintance  with  the  various  instruments  used  in  making 
a  survey,  the  necessary  mathematical  and  astronomical  knowledge 
required  for  their  use,  and  a  familiarity  with  the  accepted  mode  of 
expressing  the  geographical  facts  that  may  be  acquired  on  a  chart  or 
map.  Exploration  may  then  be  undertaken  with  some  chance  of  ulti- 
mate success,  but  the  object  of-exploration  must  be  something  more 
than  the  filling  np  of  blanks  in  our  maps.  Many  other  subjects  must 
receive  attention,  subjects  whi<;h  are  collectively  included  in  the  term 
physical  geography,  but  which  require  treatment  under  diflorent  heiids. 

■  Address  to  the  gpogrophicnl  wctiiin  of  thp  British  A*«ociiitiini  for  the  Adi-ance- 
ment  nf  Scieuce,  at  Nottiiigh.ini,  by  the  prttBiilent  of  the  section ;  Sept.,  1893.  ( Tke 
Geographical  JoHrnal,  Lonilou,  October,  1493;  vol.  ii,  pp.33t-346.) 


...Caioi^Ic 


376  THE  NORTH  POLAR  BASIN. 

or  tliese  tlie  most  obvious  is  tlie  geographical  distribution  of  ligbt  and 
heat,  as  well  bb  the  more  litfiil  ultemtions  of  wind  and  rain  vitU  calm 
aud  droutL ;  in  other  words,  the  numerous  causes  which  coDibioe  to 
produce  climate.  Meteorology  or  climatology,  the  geography  of  the 
air,  is  a  most  important  branch  of  geography  in  general ;  and  when  vre 
come  to  inquire  into  the  changes  wbicb  have  taken  place  m  the  climnte 
of  different  parts  of  the  earth's  surface,  especially  those  which  have 
affected  the  Polar  Basin,  we  enter  upon  a  subject  which  has  claimed  a 
large  share  of  the  attention  of  geologists,  who  have  also  made  a  pro- 
fouud  study  of  the  geographical  distribution  of  the  various  kinds  of 
rock  which  are  found  on  the  crust  of  the  eartb.  Another  sub-section 
of  great  importance  is  the  geographical  distribution  of  organic  life. 
The  geographical  ranges  of  the  species  and  genera,  both  of  plants  and 
animals,  have  become  a  subject  of  vastly  increased  importance  since  so 
much  attention  has  been  directted  to  the  theory  of  evolution;  aud  the 
paramount  imtiortance  of  the  human  race  is  so  great  that  ethnological 
geography  may  fairly  claim  to  be  treated  as  a  subsection,  apart  from 
the  study  of  the  rest  of  the  fauna  of  a  country.  Inasmuch  as  a.ma}> 
with  the  towns  left  out  is  only  half  a  map,  the  geographer  can  not 
afford  to  neglect  the  races  of  men  with  which  be  comes  in  contact,  nor 
the  remains  (architectural  or  otherwise)  which  existing  nations  have 
produced,  or  past  races  have  left  behind  them. 

I  propose,  on  the  present  occasion,  to  elaborate  these  subjects  at 
greater  detail,  and,  with  your  permission,  to  take  the  Polar  Basin  as 
an  example. 

EXPLORATION   OP  THE  POLAR  BASIN. 

There  is  only  one  Polar  Basin;  the  relative  distribution  of  land  and 
water  and  the  geographical  distributiou  of  light  aud  lieat  in  the  Arctic 
region  are  absolutely  unique,  lu  no  other  part  of  the  world  is  a  similar 
climate  to  be  found.  The  distribution  of  land  aud  water  round  the 
South  Pole  is  almost  the  converse  of  that  round  the  North  Pole.  In 
the  one  we  have  a  mountain  of  snow  aud  ice  covering — it  may  be  a 
continent,  it  may  be  an  archipelago,  but  in  any  case  a  lofty  mass  of 
congealed  water  surrounded  by  an  ocean  stretching  away  with  very 
little  interruption  from  land  to  the  confinea  of  the  tropics.  lu  the  other 
we  have  a  basin  of  water  surrounding  a  comparatively  flat  plain  of 
pack  ice,  some  of' which  is  probably  permanent,  but  most  of  which  is 
driven  hither  aud  thither  in  summer  by  winds  and  carrents  and  is 
walled  in  by  continental  and  island  barriers  broken  only  by  the  nar- 
row outlets  of  Bering  Strait  and  Baffins  Bay  aud  the  broader  gulf 
which  leads  to  the  Atlantic  Oceau,  aud  even  that  iuteiTupted  by  Ice- 
land, Spitzbergeu,  and  Franz  Josef  Land.  When  we  further  remem- 
ber that  this  gulf  is  constantly  conveying  the  hot  water  of  the  tropics 
to  the  Arctic  Ocean,  and  that  every  summer  gigantic  rivers  are  pour- 
ing volumes  of  comparatively  warm  water  into  this  oceau.  we  can  not 
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bet  admit  that  tbe  climatir  conditious  near  the  two  poles  ditTer  widely 
iVom  eacti  otiier. 

In  lookiug  at  a  map  of  tbe  Polar  Basio  one  can  oot  help  remarking 
the  carious  fact  that  the  North  Pole  ia  bo  very  neaily  central,  and  a 
glance  at  the  Southern  Hemisphere  also  shows  a  rough  sort  of  symnietry 
iu  the  distribution  of  land  and  water  round  the  South  Pole.  It  is  a 
euriouB  coincidence,  if  this  be  only  accident. 

The  history  of  the  exploration  of  the  Polar  Basin  is  a  very  long  and 
a  very  tragic  story.  Much  has  been  done,  but  much  remains  to  do. 
The  unexplored  regions  of  the  Polar  Ba»n  may  be  estimated  at  1,000  000 
square  miles.  Ko  part  of  the  world  presents  greater  difficulties  to  the 
explorer.  Many  brave  men  have  perished  iu  the  enterprise,  and  more 
have  only  Just  succeeded  in  passing  through  the  ordeal  of  hunger  and 
cold  with  their  lives.  For  the  most  part  the  heroic  endurance  of  tbe 
tortures  of  famine  has  shown  a  marvel  of  discipline,  though  occiision- 
ally  the  commanders  of  the  expeditions  have  had  to  enibrce  obedience 
to  tbe  verge  of  cruelty,  both  in  the  case  of  men  and  of  dogs.  There 
are  indeed  a  few  ghastly  stories,  but  the  records  of  Arctic  explora- 
tion are  records  of  which  any  nation  might  be  proud. 

Of  recent  years  there  has  been  but  little  done  to  explore  the  unknown 
parts  of  tbe  Polar  Basin.  Adventurous  journeys  in  Central  Africa  and 
Central  Asia  have  somewhat  eclipsed  the  exploration  of  the  Arctic 
regions.  Two  visits  to  Greenland  can  not  however  be  entirely  passed 
by  in  silence.  In  ttie  summer  of  last  year  an  expedition  went  to  tbe 
Eortli  of  Greenland  under  tbe  command  of  Lieut.  Peary,  sncceeded  in 
reaching  latitude  82°,  and  added  material  evidence  to  prove  that 
Greenland  is  an  iisland.  The  expedition  sailed  on  June  6, 1891,  steamed 
np  Baffins  Bay  and  Smiths  Sound,  and  on  July  25  dismissed  the  ship 
and  established  themselves  in  winter  quarters  in  McCormick  Bay,  on 
the  north  sideof  Murcbison  Sound,  iu  latitude  78°.  They  laid  inn 
stock  of  game  for  the  winter,  guillemots  aud  reindeer.  A  most  inter- 
esting proof  of  tbe  successful  organization  of  the  expedition  is  the  fact 
that  Mrs.  Peary  was  one  of  the  party,  and  was  able  to  accompany  her 
husband  on  his  sledge  tn'p,  which  started  on  tbe  IStb  of  the  following 
April. 

It  took  the  party  a  week  in  their  dog  sledges  to  round  Inglefleld  Gulf, 
during  which  they  discovered  30  glaciers,  10  of  them  of  tlie  first  mag- 
nitude. During  the  next  three  months  they  explored  the  north  coast 
of  Greenland,  as  far  east  as  longitude  34°  west,  when  a  great  bay  was 
reached,  which  they  named  Independence  Bay,  as  they  discovered  iton 
July  4.  Tlie  northern  shore  of  this  bay  was  free  from  snow  and  ice. 
On  August  6  they  regained  their  winter  quarters  in  McConnick  Bay. 
On  tbe  8th  the  steamer  arrived,  and  on  the  24tb  they  started  for  home, 
reaching  Philadelphia  on  September  23.  During  tbe  sledge  journey 
they  traveled  for  a  fortnight  at  an  average  elevation  of  8,000  feet  above 
the  sea.    Besides  their  important  additions  to  tbe  map  of  Greenland, 
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the  Bnggestive  fact  tUat  tUe  thermometer  can  rise  to  41°  F.,  and  tor- 
rents of  rain  can  fall  in  the  middle  of  February  as  far  north  as  latitude 
78°,  must  be  regarded  as  a  valuable  discovery. 

It  was  liardly  to  be  exi>ected  that  so  successful  ajouruey  sboul<l  not 
be  followed  by  a  secuml  attempt  in  order  to  follow  np  the  discoveries 
of  the  first.  Peary  has  started  for  the  north  of  Greeuhind  with  a  more 
carefullyorgaiiized  stall' for  a  longerexpedition,  and  h.'is  already  n-acbed 
his  winter  quarters.  They  expect  to  be  absent  two  years  or  more.  In 
Miirch  they  bope  to  start  for  Independence  Bay,  wbicb  was  discoverc<t 
on  the  previous  expedition,  and  there  the  party  will  divide,  with  the 
object  of  completing  the  survey  of  the  coa«t-line  of  Greeulaud  by  reach- 
ing Gape  Bismarck,  if  jHissible,  and  at  the  same  time  to  esploie  tbe 
northern  coast-line  of  Independence  Bay,  imping  that  it  may  land 
them  farther  nortli  than  tbe  liigliest  point  yet  rea<:be<t  by  any  Arctic 
traveler. 

In  the  summer  of  1888  Dr.  Nansen  was  bold  enoiigb  to  cross  tbe  con- 
tinent of  Greenland  nbout  latitude  (U*^,  reiiching  nn  altitude  of  9,000 
feet,  and  he  told  his  story  to  this  section  in  his  own  simple  words  on 
his  return.  The  distance  across  was  al>out  10  degrees,  and  tbe  highest 
IH>int  WHS  about  one-tbird  of  the  way  across  from  tlie  east  coast.  If 
the  scientific  results  were  necessarily  somr^wbat  meager,  Dr.  Nansen 
established  a  reputation  for  bravery  and  physical  endurance,  wbicli  be 
hopes  to  increase  by  an  att^-mpt  to  reach  the  North  I'ole.  Tbe  Fram 
has  already  started  from  Hammerfest,  and  wan  telegraphed  a  few  weeks 
ago  from  Waigatz  Island.  The  intention  is  to  ent«r  the  Kara  Sea  and 
to  push  northwai'd  and  eastward,  hoping  that  the  warm  currents  caused 
by  the  great  Siberian  rivers  will  enable  them  to  get  well  into  the  ice 
before  winter  begins.  Once  fro/.en  into  the  pack  ice,  Nansen  hopes  to 
be  carried  by  the  currents  somewhere  near  the  North  Pole,  and,  after 
drilling  for  two  or  three  years,  he  hopes  finally  to  emerge  from  his  ice 
prison  somewhere  on  the  east  coast  of  Greenland.  Foolhardy  as  the 
expedition  appears,  it  is  nevei'theless  |>lanned  with  great  skill,  and  its 
chances  of  success  are  supposed  to  be  based  ui>on  a  sufticiently  accurate 
knowledge  of  the  ocean  currents  of  the  Polar  Itasiu. 

These  currents,  so  far  as  they  are  known,  are  very  interesting.  The 
Mackenzie  and  the  great  Siberian  rivers  flow  into  the  Polar  Basin,  and 
the  current  through  Bering  Strait  is  supposed  to  do  tbe  same;  but 
both  tliewe  sources  of  supply  can  only  be  regarded  Jis  of  minor  import- 
ance. Between  Spitzbergen  and  Finmark,  however,  the  Gulf  Stream 
enters  the  Polar  Basin  300  or  400  miles  wide.  To  compensate  for  these 
inward  currents,  there  are  two  outward  currents,  one  on  each  side  of 
Greenland,  which,  cximing  from  the  center  of  cold,  do  their  best  to 
intensify  tlie  rigors  of  that  mountainous  island. 

Nansen  hopes  that  the  current  which  carried  the  Jeaimette  from  Iler- 

ald  Island,  north  of  Bering  Strait,  in  a  northwesterly  direction  for.'JOO 

""  miles,  is  the  same  current  that  flows  down  the  east  coast  of 
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Greenland,  and  lie  biise»  IiIm  liogtes  upon  tlireo  fiurta.  First,  ttiat  iniiny 
artJcIcA  Inmi  the  wreck  of  tbe  JcamttHtc  were  found  on  an  ice-floe  off 
the  south  coast  of  Greeniaiul  throe  years  afterward;  ^ecotid,  that  a 
har)>ooa-thrower  of  a  pattern  unknown  except  in  Alaska  watt  picked 
up  on  the  southwest  cnattt  of  Grei-nland;  aiid,  tlnr«l,  that  driftwood 
supposed  In  be  of  >Sibenaii  oritiiu  is  ntraiided  re{<;nlarly  in  consider- 
able «]iiantity  on  the  coasts  of  (Trdeiiiaiid.  The  Norwegiauat  Haminer- 
fest,  about  latitude  TO*^,  is  de)iendeut  for  his  lirewnod  upon  tlic  <iuir 
Stream,  which  brings  him  an  ample  supply  from  the  Gulf  of  Mexico, 
whilst  the  Bskiiuo  on  tlio  Greenhuid  coast,  in  the  same  Intitude,  trusts 
to  a  current  from  the  op|>osite  direction  to  bring  him  his  necessary  store 
of  wood  fnini  the  Siberian  forests. 

We  can  only  hope  that  Nansen  will  find  the  currents  as  favorable  to 
his  needs,  and  that  so  nuich  bnvvery  may  bi<  Hiipjmrted  by  Rood  Inck. 

TUB   RIVGB   8YSTKMS. 

By  no  means  the  least  )miK>rtant  physical  feature  of  the  Polar  Itasin 
is  itA  gigantic  river  systems. 

The  rivers  winch  flow  into  the  Arctic  Ocean  are  some  of  them  amongst 
the  greatest  in  the  world. 

Some  idesi  of  the  relative  sizes  of  the  drainage  areas  of  a  few  of  the 
best  known  rivers  maybe  leanie^l  from  the  following  table,  in  which  the 
Thames,  with  a  drainage  area  of  C,<MK)  stjuare  miles,  is  the  unit: 

9   ThamcH -1  Ellw  (M.OOO). 

2    Kibes =1  Pecliora  (108,000). 

2t  Pechorax ^1  Danube  (370,000). 

2    DuDDlieH =1  Mmkonzie  (540.000) 

2    Mackeniiii's -  1  Yenisei  (1,080,000). 

2    YonisoiB ^  I  AmazoD  (2,1GO,000>. 

Perhaps  a  more  scientific  classification  of  rivers  would  be  to  call 
those  with  a  drainage  area  between  2,rtri0(Kl0and  1,'J80  000  sipiarc  miles 
rivers  of  the  first  magnitude,  a  category  wliieh  contains  the  Amazon 
alone.  There  are  ten  rivers  of  the  second  magnitude,  with  drainage 
areas  between  1,280,000  and  040,000  sijuare  miles  (Ob,  Congo,  Missis- 
sip]>i,  La  Plata,  Yenisei,  Nile,  Lena,  Niger,  Amur,  Yangtse).  There 
are  twelve  rivers  of  the  third  ma^fnitude,  with  drainage  areas  between 
C40,(K)0  and  ;t20,000  square  miles  {Mackenzie,  Volga,  Murray,  Zambesi, 
Saskatchewan,  Ganges,  St,  Lawrence,  Orange,  Orinoco,  Hoaiig  IIo, 
Indus,  and  Branniputra).  There  are  mure  than  a  dozen  rivers  of  the 
foortb  magnitude,  with  drainage  areas  between  .120,000,  and  1<>(>,000 
square  miles,  but  none  of  them  empties  itself  into  the  Arctic  Ocean. 
Tliey  include  the  Oannbe,  Knphrates,  and  several  of  the  African  and 
South  American  rivers.  Of  the  numerons  rivers  which  arc  of  tlie  fifth 
magnitude,  with  drainage  areas  between  160,000  and  80,IMH>  sipiare 
miles,  tbe  Pechora  l>elongs  to  the  Polar  Ita.'iin.    The  nnnd>er  of  rivers 
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but  thin  may  bu  a  tein|inrary  or  local  variation  caused  by  cxcuptioually 
severe  winters.  The  limit  of  forest  growtli  does  not  foineide  with  tlie 
isotherms  of  mean  amiual  temperature,  nor  with  tlie  mean  temiieratnre 
for  January  nearly  so  closely  as  it  does  with  the  mean  temi>erature  for 
Jnly.  It  may  be  said  to  approximate  very  nearly  to  the  July  isotherm 
of  SSc*  F.  We  may  therefore  assume  that  a  6foot  blanket  of  snow  pre- 
vents the  winter  frosts  from  killing  the  trees  so  lung  as  they  can  be 
revivifieil  by  a  couple  of  mouths  of  summer  heat  above  5(1''  F. 

The  limit  of  forest  growth  is  thus  directly  determined  by  geograph- 
ical causes.  In  Alaska  and  in  the  Mackenzie  Basin  it  extends  about 
300  miles  above  the  Arctic  Cirele,  but  in  eastern  Canada  the  depres- 
sion of  Hudson  Bay  acts  as  a  vast  ice-house,  and  the  forest  line  falls 
IXH)  miles  below  the  Arctic  Circle,  whilst  on  the  east  coaHt  of  Labrador 
the  Arctic  current  from  Baffins  Bay  sends  it  down  nearly  as  far  again. 
On  the  other  side  of  the  Atlantic  the  limit  of  forest  growth  begins  ou 
the  Norwegian  coast  on  the  Arctic  Circle,  gradually  rises  until  it 
reaches  200  miles  farther  north  in  Lapland,  is  depressed  ngaiu  by  the 
ice-house  of  the  White  Sea,  but  has  recovered  its  jwsition  in  the  valley 
of  the  Pechora,  which  is  rather  more  than  maintained  until  a  second 
vast  icehouse,  the  Sea  of  Okotsk,  combined  with  Arctic  currents, 
repeats  the  depression  of  Labrador  in  Chnski  Land  and  Kamchatka. 

There  are  no  trees  on  NovayaZemlia.  Two  or  three  siMM^ics  of  wil- 
low grow  there,  but  they  are  dwarfs,  seldom  attaining  a  height  of  3 
inches.  Novaya-Zeniha  enjoys  a  comparatively  mild  winter,  the  mean 
temperature  of  January,  thanks  to  the  influence  of  the  Gulf  Stream, 
being  15°  F.  above  zero  in  the  soutli  and  only  5*^  F.  below  zero  in  the 
north.  The  absence  of  trees  is  due  to  the  cold  summers,  the  mean  tem- 
perature of  July  not  reaching  higher  than  45°  F.  in  the  south,  whilst 
in  the  north  it  only  reaches  38°  F. 

The  Indians  of  Canada  have  disw)vered  that  when  they  want  to  find 
water  in  wmter  it  is  easiest  reached  under  thick  snow,  the  thinnest  ice 
ou  the  river  or  lake  being  l<)UDd  under  tlic  thickest  blanket  of  snow. 
On  the  same  principle  the  tree  roots  defy  the  severe  wint<>rs  i>n>tected 
by  their  snow  shields;  but  they  must  have  a  certaiu  teini>eraturp  (above 
50=>  F.)  to  hold  their  own  in  summer. 

The  influence  of  the  snow  blanket  is  very  market!  in  determining  the 
depths  to  which  the  frost  penetrates  beneath  it.  Thus  we  And  that  a 
Norwegian  writt^r,  alluding  to  latitude  62°,  remai'ks  "  that  the  ground 
is  frozen  from  1  to  2A  feet  hi  winter,  but  this  depends  ujwn  how  soon 
the  snow  falls.  Higher  up  the  mountains  the  ground  is  scarcely  frozen 
at  all,  owing  to  the  snow  falling  s<H)ner,  ami  in  fact  if  the  snow  falls 
very  early  lower  down  it  is  scarcely  frozen  to  any  depth."  Similar 
facta  have  been  recorded  from  Canada  in  latitude  53°.  "On  this 
prairie  land,  when  there  is  a  good  fall  of  snow  when  the  winter  seta  in, 
the  frost  does  not  penetrate  so  deep  as  when  there  is  no  snow  till  late." 
Auot'  little  farther  south,  in  latitude  51°,  says :   '^  I  am  safe 
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in  siiyjiig  tb»t  the  frost  penetrates  liere  tu  aii  avern;;e  of  5  feet,  except 
when  we  liave  hoA  n  great  dejdii  of  snow  in  tlie  begitming  of  winter, 
iu  whicb  case  it  does  not  penetrate  nearly  so  far," 

TlIK    S'1"EPI'E   UEdlDNS, 

It  i»  not  so  easy  to  explain  tbe  boundary  line  between  tlie  forest  and 
the  steppe.  There  are  two  great  stepjte  regions  in  the  Polar  Basin, 
one  in  Asia  and  the  other  in  America.  The  great  Barabinski  Steppe 
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Tlte  various  rates  wUich  ioliabit  tUe  Polar  BaHiii  below  the  limit  of 
foreat  growtli  are  too  numerous  to  be  ooiisidered  in  detail. 

ARCTIC   ZOOLOGY. 

Most  zoologists  divide  tiie  Polar  Basiu  into  two  zoologieal  i-egioua,  or, 
to  be  strictly  accurate,  tliey  include  the  Old  World  half  of  the  Polar 
Basin  in  what  they  call  the  PaJwarctic  region,  and  tlie  New  World 
half  in  the  Nearctic  region;  but  recent  investigatioua  have  shown  that 
these  divisions  are  uimatm-al  and  can  not  be  maintained.  Some 
writers  unite  tiie  two  regions  together  under  the  name  of  the  Holarctic 
region,  whilst  others  recognize  a  cireumpolar  Arctic  region  above  the 
limit  of  forest  growth,  and  unite  in  a  second  region  the  temperate  por- 
tions of  the  Northern  Hemisphere.  In  theopinion  of  the  last-mentioned 
writers  the  circnni{)olar  Arctic  region  differs  more  from  the  temperate 
regions  of  the  Northern  Hemisphere  than  the  American  portion  of  the 
latter  does  from  the  Eurasian  portion. 

The  tact  is  that  life  areas,  or  zoo-geogi-apbical  regions,  are  more  or 
lesafanciful  generalizations.  The  geographical  distribution  of  animals, 
and  probably  also  that  of  plants,  is  almost  entirely  dependent  upon  two 
factors,  climate  and  ieolaiion,  the  one  playing  quite  as  important  a  part 
as  the  other.  The  climate  varies  in  respect  of  rain-fall  and  tempera- 
ture, and  species  are  isolated  from  each  other  by  seas  and  mountain 
ranges.  The  geographical  facts  which  govern  the  zoological  provinces 
consequently  range  themselves  under  these  four  heads.  It  is  at  once 
obvious  that  the  influences  which  determine  the  geographical  distribn- 
tion  of  tishes  mustbeqnite  different  from  those  which  determine  the 
distribution  of  mammals,  since  the  geographical  teatures  which  isolate 
the  species  in  the  one  case  are  totally  different  from  those  which  form 
impassable  barriers  in  theother.  It  is  equally  obvious  that  the  climate 
conditions  which  intlnence  the  geographical  range  of  mammals  mast 
include  the  winter  cold  as  well  as  the  summer  lieat,  whilst  those  which 
determine  the  geographical  distribution  of  birds  {most  of  which  are 
migratory  in  the  Arctic  regions)  are  entirely  independent  of  any  amount 
of  cold  which  may  dei^cend  upon  their  breeding  grounds  during  the 
months  which  they  spend  in  their  tropic  or  snbtropic  winter  quarters. 

Hence  all  attempts  to  divide  the  Polar  Basin  into  zoological  regions 
or  provinces  are  futile.  Nearly  every  group  of  animals  has  zoological 
regions  of  its  own,  determined  by  geographical  features  peculiar  to 
itself,  and  any  generalizations  from  these  different  regions  can  bo  little 
more  than  a  curiosity  of  science.  The  mean  lemperatave  or  distribu- 
tion of  heat  can  be  easily  ascertained.  It  is  easy  to  generalize  so  as 
to  arrive  at  an  average  between  the  summer  heat  and  the  winter  cold, 
because  they  can  be  both  expressed  in  the  same  terms.  When  how- 
ever we  seek  to  generalize  upon  the  distribution  of  animal  or  vegetable 
life,  bow  is  it  p<>ssible  to  arrive  at  a  mean  geographical  distribution  of 
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aniinalst  How  maDy  genera  of  molliiBka  are  equal  t4)  a  geuos  of 
mammalB,  or  bow  maDy  butterflies  are  equal  to  a  birdl 

If  tbere  b©  any  regiou  of  the  world  with  any  claim  to  be  a  life  area, 
it  is  that  part  of  t)ie  Polar  Basin  which  lies  between  the  July  isotherm 
of  50°  or  530  F.  and  the  northern  limit  of  organic  life.  The  former 
corresponds  very  nearly  with  the  northern  limit  of  forest  growth,  and 
they  comprise  between  them  the  barren  grounds  of  America  and  the 
tundras  of  Arctic  Europe  aud  Siberia. 

The  fauna  and  fiora  of  this  circumpolar  belt  is  practically  homo- 
geneous; many  species  of  both  plants  and  animals  range  throughoat 
its  whole  extent  It  constitutes  a  circnmpolar  Arctic  region,  and  can 
not  consistently  be  separated  at  Bering  Strait  into  two  parts  of  suffi- 
cient importance  to  rauk  even  as  snb-regious. 

Animals  recognize  facta  and  are  governed  by  them  in  the  extension 
of  their  ranges;  they  care  little  or  nothing  about  generaUz.ations.  The 
mean  temperature  of  a  province  is  a  matter  of  indifference  to  some 
plants  and  to  most  animals.  The  facts  which  govern  their  distribution 
are  various,  and  vary  according  to  the  needs  of  the  plant  or  animal 
concerned.  To  a  migratory  bird  the  mean  annual  temperature  is  a 
matter  of  supreme  indifi'erence.  To  a  resident  bird  the  question  is 
equally  beside  the  mark.  The  facts  which  govern  the  geographical 
distribution  of  birds  are  the  extremes  of  temperature,  not  the  means. 
Arctic  birds  are  nearly  alt  migratory.  Their  distribution  during  the 
breeding  season  depends  primarily  on  the  temperature  of  July,  whicli 
must  range  between  53°  and  35°  F.  It  is  very  important  however  to 
ramember  that  it  is  actual  temperature  that  governs  them,  not  iso- 
thei-ms  corrected  to  sea  level.  If  an  Arctic  bird  can  find  a  correct  iso- 
therm below  the  Arctic  Circle  by  ascending  to  an  elevation  of  5,000  or 
6,000  feet  above  the  level  of  the  aea,  it  avails  itself  of  the  opportunity. 
Thus  the  region  of  the  Dovrefeld  above  the  limit  of  forest  growth  ia 
the  breeding  place  of  many  absolntely  Arctic  birds;  but  this  ia  uot 
nearly  so  mnch  the  case  on  the  Alps,  because  the  cold  nights  vary  too 
much  from  the  hot  days  to  come  within  the  range  of  the  birds'  breed- 
ing grounds.  Here,  again,  the  mean  daily  tempetatui-e  is  of  no  imiwr- 
tance.  It  is  the  extreme  of  cold  which  is  the  most  potent  factor  iu  tbia 
case,  and  no  extreme  of  heat  can  counter-balance  its  effect. 

POLAR   ISOTHEBMALS. 

In  estimating  the  influence  of  elevation  upon  temperature  it  has  been 
ascertained  that  it  is  necessary  to  dednct  about  3°  F.  for  every  thou- 
sand feet.  The  isothermal  lines  are  very  eccentric  in  the  Polar  Biisin. 
The  moan  temperature  of  summer  is  quite  independent  of  that  of 
winter.  The  isothermal  lines  of  July  are  regulated  by  geographical 
causes  which  do  not  affect  those  of  December  or  operate  in  a  contrary 
dii'ection.  The  Gulf  Stream  raises  the  mean  temperature  of  Iceland 
during  winter  to  the  highest  point  which  it  reaches  in  the  Polar  Basin, 
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viz,  3(P  to  35°  F.,  whilst  ia  summer  it  prevents  it  from  rising  above 
45°  and  50°  P.,  a  range  of  only  15°.  In  the  valley  of  the  Lena,  in  the 
same  latitude,  the  mean  temperature  of  January  is  55°  to  50°  P.  below- 
zero,  whilst  that  of  July  is  60°  to  65°  P.  above  zero,  a  rauge  115°. 

The  close  proximity  of  the  PaciHc  Ocean  has  a  much  less  eflect  on 
the  mean  temperature  at  Bering  Strait,  vrhich  is  in  the  same  latitude 
as  the  north  of  Iceland.  The  mean  temperature  for  January  is  zero, 
whilst  that  for  July  is  40°  P.  The  mean  temperature  for  January  in 
the  same  latitude  in  the  valley  of  the  Mackenzie  is  25°  below  zero, 
whilst  that  for  July  is  55°  P.  lu  this  case  the  contrast  of  the  ranges 
is  40  and  80,  which  compared  with  15  and  115  id  small,  but  the  geo- 
graphical conditions  are  not  the  same.  Bering  Sea  is  so  protected  by 
the  Aleutian  chain  of  islands  that  very  little  of  the  warm  current 
from  Japan  reaches  the  straits.  It  is  deflected  southward,  so  the 
Aleutian  Islands  form  a  better  basis  for  comparison.  Their  mean  tem- 
perature for  January  is  35°  P.,  whilst  that  for  July  is  50°  P.,  precisely 
the  same  diOereuce  as  that  to  be  fouud  in  Iceland, 

Tlie  influence  of  geographical  causes  upon  climate  being  at  present 
so  great,  it  is  easy  to  imagine  that  changes  in  the  distribution  of  land 
And  water  may  have  had  an  equally  important  influence  upon  the  cli- 
mate of  the  Polar  Basin  during  the  recent  cold  age,  which  geologists 
call  the  Pleistocene  period,  it  is  impossible  for  the  traveler  to  over, 
look  the  evidences  of  this  so-called  Glacial  period  in  the  Polar  Basin; 
and  whether  we  seek  an  explanation  of  the  geographical  phenomena 
from  the  astronomer  or  the  geologist,  or  both,  it  is  imi>08sible  to  ignore 
the  geographical  interest  of  the  subject. 

" ARCTIC   GEOLOGY. 

Ko  sciences  can  be  more  intimately  connected  than  geography  and 
geology.  A  knowledge  of  geography  is  absolutely  essental  to  the  geol- 
ogist. To  discriminate  between  one  kind  of  rock  and  another  is  a 
comparatively  small  part  of  the  work  of  the  geologist.  To  ascertain 
the  geographical  distribution  of  the  various  rocks  is  a  study  of  pro- 
found interest.  If  the  geologist  owes  much  to  the  geographer,  the  lat- 
ter is  also  largely  indebted  to  the  labors  of  the  former.  The  geology  of 
a  mountain  range  or  au  extended  plain  is  as  important  to  the  physical 
geographer  as  the  knowledge  of  anatomy  is  to  the  flgnre  painter. 

The  geology  of  the  Polar  Basin  is  not  very  accurately  known,  and 
the  subject  is  one  too  vast  to  be  more  than  mentioned  on  an  occasion 
like  the  present;  bnt  the  evidences  of  a  t:omparatively  recent  ice  age  iu 
eastern  America  and  western  Europe  are  too  important  to  be  passed  by 
without  a  "word. 

In  the  subarctic  regions  of  the  worhl  there  is  much  e^'idence  to 
show  that  the  climate  h:is  in  comparatively  recent  times  been  Arctic. 
The  present  glaciers  of  Central  Europe  were  once  much  greater  than 
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tbey  are  now,  and  even  in  tb«  Bntieh  Islands  glaciers  existed  during 
what  has  been  called  the  ice  age,  and  the  evidence  of  their  existence 
in  the  forui  of  rocks,  ui>on  which  they  have  left  their  scratches,  and 
heaps  of  stones  wh  ich  tUey  have  deposited  i  n  their  retreat,  are  so  obvious 
that  he  who  runs  may  read.  Similar  evidence  of  au  ice  age  is  found  iu 
North  America,  and  to  a  limited  extent  in  the  Himalayas,  but  in  the 
alluvial  plains  of  Siberia  nnd  North  Alaska,  as  might  be  expected,  no 
trace  of  an  ice  age  can  be  found. 

Croll's  hypothesis  that  an  ice  age  is  produced  vhen  the  eccentricity 
of  the  earth's  orbit  is  anusnally  great,  has  been  generally  accepted  as 
the  most  plausible  explanation  of  the  facts.  It  is  assumed  that  during 
the  months  of  summer  perihelion  evaporation  is  extreme,  and  that 
during  the  mouths  of  winter  aphelion  the  snow-fall  is  considerably 
increaaeil.  The  effect  of  the  last  period  of  high  eccentricity  is  sap|)08ed 
to  have  been  much  increased  by  geographical  changes.  The  elevation 
of  the  shallow  sea  which  connects  Iceland  with  Greenland  on  the  one 
band,  and  the  south  of  Norway  and  the  British  Islands  on  the  other, 
would  greatly  increase  the  accumulation  of  snow  and  ice  iu  those  parts 
of  the  Polar  Basin  where  evidence  of  a  recent  ice  age  is  now  to  be 
found;  whilst  the  depression  of  the  lowlands  on  either  side  of  the  Ural 
Mountains  so  ns  to  admit  the  waters  of  the  Metliterrnnean  through  the 
Black  and  Caspian  Seas,  might  prevent  any  glaciatiou  in  those  parts 
of  the  Polar  Basin  where  uo  evidence  of  such  a  condicion  is  now  dis- 
coverable. But  this  is  a  ([uestion  that  must  be  left  to  the  geologist  to 
decide. 

The  extreme  views  of  the  early  advocates  of  the  theory  of  au  ice  age 
have  been  to  a  lurge  extent  abandoned.  No  one  now  believes  in  the 
former  existence  of  a  Polar  ice  cap,  and  possibly,  when  the  irresistible 
force  of  ice-dammed  rivers  has  been  fully  realized,  the  estimated  area 
of  glaciatiou  may  be  considerably  reduced.  The  so-called  great  ice  age 
may  have  been  a  great  snow  age,  with  local  centers  of  glaciatiou  ou 
the  higher  gronnds. 

The  zoological  evidence  as  to  the  nature,  extent,  and  duration  of  the 
ice  age  has  never  been  carefully  collected.  The  attention  of  zoologists 
has  unfortunately  been  too  exclusively  devoted  to  the  almost  ho|)eles8 
task  of  theorizing  upon  the  causes  of  evolution,  instead  of  patiently 
cataloguing  its  cU'ects. 

There  is  a  mass  of  evidence  bearing  directly  upon  the  recent  changes 
in  the  climate  of  the  Polar  Basin  to  be  found  in  the  study  of  the 
present  geographical  distribution  of  birds.  The  absence  of  certain 
common  British  forest  birds  ( some  of  them  of  circumpolar  range  sub- 
geuerically,  if  not  specifically)  from  Ireland  and  the  north  of  Scotland 
is  strong  confirmation  of  the  theory  that  the  latter  countries  were  Lot 
very  long  ago  outside  the  limit  of  forest  growth. 

The  presence  of  si>ecies  belonging  to  Arctic  and  sub- Arctic  general 
on  many  of  the  Soath  Pacidc  islands  is  strong  evidence  that^t^rarw-ere 
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compelled  to  emigrate  in  search  of  food  by  sotae  great  catastrophe,  saoh 
as  an  abnormally  heavy  suow-fall,  and  the  fact  that  do  island  contains 
more  than  one  species  is  strong  evirlence  that  this  great  catastrophe 
has  only  occurred  once  in  recent  times.  The  occorrence  of  a  welt  rec- 
ognized line  of  migration  from  Greenland  across  Iceland,  the  Faroes, 
and  the  British  Islands  to  Europe  is  strongly  suggestive  of  a  recent 
elevation  of  the  land  where  the  more  shallow  sea  now  extends  in  this 
locality.  The  extraordinary  similarity  of  the  fauna  and  flora  of  the 
Arctic  regions  of  the  Old  and  the  New  Worlds  can  only  be  found  else- 
where in  continuous  areas,  and  had  it  not  been  for  the  unfortunate 
division  of  the  Arctic  region  into  two  halves,  Palsearctic  and  Nearctic, 
would  have  attracted  much  more  attention  than  it  has  hitherto 
received. 

ARCTIC  CLIMATE. 

The  rain-fall  of  the  Polar  Basin  is  small  compared  to  that  with  which 
wo  are  familiar,  but  its  visible  effects  are  enormous.  la  Arctic  Europe 
and  Siberia  it  is  supposed  to  average  about  13  inches  p^r  annum;  iu 
Arctic  America  not  more  than  9  inches.  The  secret  of  its  power  is  that 
about  a  third  of  the  rain-fall  descends  in  the  form  of  snow,  which  melts 
with  great  suddenness. 

The  stealthy  approach  of  winter  on  the  confines  of  the  Polar  Basin  is 
in  strong  contrast  to  the  catastrophe  which  accompanies  the  sudden 
onrush  of  summer.  One  by  one  the  flowers  fa^le,  and  go  to  seed  if  they 
have  been  fortunate  enough  to  attract  by  their  brilliancy  a  bee  or  other 
suitable  pollen-bearing  visitor.  The  birds  gradually  collect  into  flocks 
and  prepare  to  wing  their  way  to  southern  dimes.  Strange  to  say,  it  is 
the  young  birdsof  each  species  that  set  the  example.  They  are  not  many 
weeks  old.  They  have  no  personal  experience  of  migration,  but  nature 
has  endowed  them  with  an  inherited  impulse  to  leave  the  land  of  their 
birth  befbre  their  parents.  Probably  they  inherit  the  impulse  to  migrate 
withoutinheritingany  knowledge  of  where  their  winter  quarters  are  to 
be  found,  and  by  what  route  they  are  to  he  sought.  They  are  sometimes, 
if  not  always,  accompanied  by  one  or  two  adults;  it  may  be  barren 
birds,  or  birds  whose  eggs  or  youug  have  been  destroyed,  or  who  may 
therefore  get  over  their  autumn  molt  earlier  than  usual,  or  molt  slowly 
as  they  travel  sonthwiird.  Of  most  species  the  adult  males  are  the  next 
to  leave,  to  be  followed  iierhaps  a  week  later  by  the  adult  females.  One 
by  one  the  various  migratory  species  disappear,  until  only  the  few  resi- 
dent birds  are  left,  and  the  Arctic  forest  and  tundra  resume  the  silence 
so  conspicuous  in  winter.  As  the  nights  get  longer  the  frosts  bring 
down  the  leaves  from  the  birch  and  the  larch  trees.  Summer  gently 
falls  asleep,  and  winter  as  gently  steals  a  march  upon  her,  with  no  wind 
and  no  snow,  until  the  frost  silently  lays  its  iron  grip  upon  the  river, 
which,  after  a  few  impotent  struggles,  yields  to  its  fate.  The  first,  and 
jnayhap  the  second  ice  is  broken  up,  and  when  the  atarreater  of  the 
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village  sallies  forth  to  peg  out  with  rows  of  birch  trees  the  wioter  roacl 
down  the  river  to  the  next  village,  for  wUich  he  is  respousible,  he  has 
frequently  to  deviate  widely  from  the  direct  conrse  in  liis  eflbrts  to 
choose  the  smoothest  ice,  atid  find  a  chaoiiet  between  the  bummocka 
that  continually  block  the  way. 

The  date  nimn  which  winter  resumes  his  sway  varies  greatly  in  ditfei- 
ent  localities,  and  probably  the  margin  between  an  earlynnda  late 
season  is  considerable.  In  1876,  (.'apt.  Wiggins  was  fm/.en  u|>tit  winter 
qnarteraon  the  Yenisei,  in  latitude  UCj'^,  on  October  17.  lnl878Capt. 
Piilander  was  frozen  upon  the  iMiast  120  miles  west  of  Bering  Strait,  in 
latitude  67|o,  on  September  2S. 

The  sadden  arrival  of  summer  on  the  Arctic  Circle  appears  to  occur 
nearly  at  the  same  date  in  all  the  great  river  b.t8ins,  but  the  number 
of  recorded  obHcrvHtious  is  so  small  that  the  slight  variation  may  pos- 
sibly be  seasonal  and  not  local.  The  ice  on  the  Mackenzie  River  is 
stated  by  one  authority  to  have  broken  up  on  May  13,  in  latitude  02°, 
and  by  auother  on  May  9  in  latitude  67°.  If  the  Ma«ken}:ie  breaks  up 
as  fast  as  the  Yenisei— that  is  to  say  at  the  rate  of  a  degree  a  day, 
an  assumption  which  is  supported  by  what  little  evidence  cnn  bo  found — 
then  the  dift'erence  between  these  two  setisons  would  be  nine  days.  My 
own  experience  hns  been  that  the  ice  of  the  Pechora  breaks  up  ten  days 
before  that  of  the  Yenisei,  but  as  I  have  only  witnessed  one  such  event 
in  each  valley,  too  much  importance  mnxt  not  be  attached  to  the  dates. 

According  t^t  the  Challenger  bibles  of  ieothennal  lines,  the  mean 
temperatures  of  January  and  July  on  the  Arctic  Circle  tu  the  valleys  of 
the  Mackenzie  and  the  Yenisei  scarcely  differ,  the  summer  tempera- 
ture in  each  case  being  about  55°  F.,  and  that  of  winter  — 25°  F,,  a  dif- 
ference of  80°  F. 

On  the  American  side  of  the  Polar  Basin  summer  comes  almost  as  sud- 
denly as  it  does  on  the  Asiatic  side,  but  the  change  appears  to  be  less 
of  thenatureof  acatastrophe.  The  geographical  causes  which  produce 
this  result  are  the  smaller  area.of  the  river  basins  and  the  less  amount 
of  rain-fall.  There  is  only  one  large  river  which  empties  itself  into  the 
Arctic  Ocean  on  the  American  aide,  the  Mackenzie,  with  which  maybe 
associated  the  Saskatchewan,  which  discharges  into  Hudson  Bay  far 
away  to  the  south.  The  baiin  of  the  Mackenzie  is  estimated  at  590,000 
square  mi'es,  whilst  that  of  the  Yenisei  is  supposed  to  be  exactly  twice 
that  area.  The  comparative  dimensions  of  the  two  summer  floods  are 
still  more  diminisheil  by  the  difference  in  the  quantity  of  snow. 

The  snow  in  the  Mackenzie  basin  is  said  tit  be  from  2  to  3  feet  deep, 
'  whilst  that  in  the  Yenisei,  basin  is  from  5  to  6  feet  deep,  so  that  the 
spring  flood  in  the  latter  river  must  be  alwmt  Ave  times  as  largo  as  that 
of  the  foiTuer. 

Another  feature  in  which  the  basin  of  the  Mackenzie  differs  from 
those  of  the  rivers  in  the  Arctic  regions  of  the  Old  World  is  the  number 
of  rapids  and  lakes  containetl  in  it.    The  ice  in  the  large  lakes  attains 
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a  tbicknesB  at  least  twice  as  great  as  that  of  tbe  rapid  stream,  and  con- 
seqneutly  bi-eakR  up  mucU  later.  In  the  Ureat  Slave  Lake  theiceattaios 
a  depth  of  6  to  7  feet,  and  even  ia  tlie  Atbabaska  Lake,  in  Intitnde 5S<^, 
it  reaches  4  feet.  The  rapids  between  these  two  lakes  extend  for  15 
miles.  The  ice  on  the  river  breaks  up  a  moutli  before  that  on  the  lakes, 
so  that  the  drainage  area  of  the  ilrst  summer  flood  is  much  restricted. 

The  arrival  of  summer  in  tbe  Arctic  regions  happens  so  late  that  the 
inexperienced  traveller  may  be  excused  for  sometimes  doubting  whether 
it  really  ia  going  to  come  at  all.  When  continuous  nigbt  has  become 
coittinnoua  day  without  any  perceptible  approach  to  spring,  an  Alpine 
traveller  naturally  asks  whether  he  has  not  reached  the  limit  of  perpet- 
ual snow.  It  is  true  that  here  and  there  a  few  bare  patches  ar»  to  be 
found  on  the  Rteei)est  slopes  where  most  of  the  snow-has  been  blown 
away  by  the  wind,  eai>ecially  if  these  slopes  face  the  south,  where  even 
an  Arctic  sun  has  more  potency  than  it  has  elsewhere.  It  is  also  true 
that  small  flocks  of  little  birds — at  first  snow  buntings  and  mealy  red- 
pnlea,  ami  latersborelarks  and  Lapland  buntings — maybeobservedtoflit 
from  one  of  these  bare  [>laces  to  another  looking  for  seeds  or  some  other 
kind  of  food,  but  after  all,  evidentlyfindingmost  of  it  in  the  droppings 
of  tbe  peasants' horses  on  tbe  hard  snow-covered  roads.  Tlie  appearance 
of  these  little  binls  does  not  however  give  the  same  confidence  in  the 
eventual  coming  of  summer  to  the  Arctic  naturalist  as  the  arrival'of  the 
swallow  or  the  cuckoo  does  to  his  brethren  in  the  sub-arctic  and  sub- 
tropic  climates.  The  four  littlo  birds  Just  mentioned  are  only  gipsy 
migrants  that  are  perpetually  flitting  to  and  fro  on  the  confines  of  tbe 
frost,  continually  being  driven  south  by  snow-storms,  but  ever  ready  to 
take  advantage  of  the  slightest  thaw  to  press  northward  again  to  their 
favorite  Arctic  home.  They  are  all  cirenmpolar  iii  their  distributions, 
are  as  common  in  Siberia  as  in  Lapland,  and  range  across  Canada  to 
Alaska,  as  well  as  to  Greenland.  In  subarctic  climates  we  see  them 
only  in  winter,  so  that  their  appearance  does  not  in  the  least  degree 
suggest  tbe  arrival  of  summer  to  the  traveller  from  the  south. 

Tbe  gradual  rise  in  the  level  of  the  river  inspires  no  more  confidence 
in  the  final  melting  away  of  tbe  snow  and  the  disruption  of  the  ice 
which  supports  it.  In  Siberia  the  rivers  are  so  enormous  that  a  rise 
of  5  or  6  feet  is  scarcely  perceptible.  Tbe  Yenisei  is  3  miles  wide  at 
the  Arctic  Circle,  and  as  fast  as  it  rises  the  open  water  at  the  margin 
freezes  up  again  and  is  soon  covered  with  the  drifting  snow.  During 
the  summer  which  I  sjieiit  in  the  valley  of  the  Yenisei  we  had  G  feet  of 
snow  on  the  ground  until  the  1st  of  June.  To  all  intents  and  purposes 
it  was  mid-winter,  ilhiminated  for  the  nonce  with  what  amounted  to  con- 
tinuous daylight.  The  light  was  a  little  duller  at  midnight,  but  not  so 
mncli  so  as  during  the  occasional  snowstorms  that  swept  through  the 
fotest  and  drifted  up  the  broad  river  bed.  During  the  month  of  May 
tbei-e  were  a  few  signs  of  the  possibility  of  some  mitigation  of  the 
rigors  of  winter.     Now  and  then  there  was  »  little  rain,  but  it  was 
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always  followed  Ijy  frost.  If  it  tbawed  one  day,  it  froze  the  next,  and 
little  or  no  impression  was  made  on  the  suow.  The  most  tangible  sign 
of  coming  summer  was  an  increase  in  the  number  of  birds,  but  tliey 
were  nearly  all  forest  birds,  which  conid  enjoy  the  snnshiue  in  the 
pines  and  birches,  and  which  were  by  no  means  dependent  on  the  melt- 
ing away  of  the  snow  for  their  snpply  of  food.  Between  May  IC  and 
30  weh»dmore  definite  evidence  of  our  being  within  bird  flight  of  bare 
gi'ass  or  open  water.  Migratory  flocks  of  wild  geese  passed  over  onr 
winter  quarters,  but  if  they  were  flying  north  one  day  they  were  flying 
south  the  next,  proving  beyond  all  doubt  that  their  migration  was 
premature.  The  geese  evidently  agreed  with  us  that  it  ought  to  be 
summer,  but  it  was  as  clear  to  the  geese  as  to  us  that  it  really  was 
winter. 

We  afterward  learne<l  that  during  the  last  ten  days  of  May  a  tre- 
mendous battle  bad  been  raging  600  miles,  as  the  crow  flies,  to  the 
southward  of  our  i>ositiou  on  the  Arctic  Circle.  Summer  in  league 
with  the  sun  had  been  fighting  winter  ami  the  north  wind  all  along 
the  line,  and  had  been  as  hopelessly  beaten  everywhere  as  we  were 
witnesses  that  it  ha*l  been  in  our  part  of  the  river.  At  length,  when 
the  final  victory  of  summer  looked  the  most  hoi>eless,  a  change  was 
made  in  the  command  of  the  forces.  Summer  entered  into  an  alliance 
with  the  south  wind.  The  sun  retired  in  dudgeon  to  his  tent  behind 
the  clouds;  mists  obscured  the  landscape;  a  soft  south  wind  played 
gently  on  the  snow,  which  melted  under  its  all-powerful  influence  like 
butter  ujmn  hot  toast;  the  tide  of  battle  was  suddenly  turned;  the 
armies  of  winter  soon  vanished  into  thin  water  and  beat  a  hasty  retreat 
toward  the  pole.  The  effect  on  the  groat  river  was  magical.  Its  thick 
armor  of  ice  cracked  with  a  loud  noise  like  the  rattling  of  thunder; 
every  twenty-four  hours  it  was  lifted  up  a  fathom  abpve  its  former 
level,  broken  up,  first  into  ice  floes  and  then  into  pack  ice,  and  marched 
downstream  at  least  100  miles.  Even  at  this  great  speed  it  was  more 
than  a  fortnight  before  the  last  straggling  ice  blocks  passed  our  post  of 
observation  on  the  Arctic  Circle;  but  during  that  time  the  river  had 
risen  70  feet  above  its  winter  level,  although  it  was  3  miles  wide  and 
we  were  in  the  middle  of  a  blazing  hot  summer,  picking  flowers  of  a 
hnndreil  diflerent  kinds  and  feasting  upon  wild  ducks'  eggs  of  various 
species.  Birds  abounded  to  an  incredible  extent.  Between  May  29 
and  June  IS  I  identified  sixty-four  species  which  I  hwl  not  seen  before 
the  break-up  of  the  ice.  Some  of  them  stopped  to  breed  and  already 
had  eggs,  but  many  of  them  followed  the  n^treating  ice  to  the  tundra, 
and  we  saw  them  no  more  until,  many  weeks  afterward,  we  had  sailed 
down  the  river  beyond  the  limit  of  forest  growth. 

The  victory  of  the  south  wind  was  absolute,  but  not  entirely  unin- 
terrupted. Occasionally  the  winter  wade  a  desperate  stand  against 
the  sudden  onrush  of  summer.  The  north  wind  rallied  its  beaten 
forces  for  days  together,  the  clouds  and  the  rain  were  driven  back,  and 
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tbe  balf-melted  snow  frozeu  oq  tbe  surface.  But  it  vsks  too  late;  there 
were  many  large  patches  of  dark  ground  which  rapidly  absorbed  the 
sun's  heat,  the  snow  melted  under  the  frozeu  crust,  and  its  final  col- 
hipse  -wan  as  rapid  as  it  was  complete. 

In  tbe  basin  of  the  Yenisei  tbe  average  tliickuess  of  tbe  snow  at  the 
end  of  winter  is  about  5  feet.  The  sudden  transformation  of  this 
immense  continent  of  snow,  which  lies  as  gently  on  tbe  earth  as  an 
eider-down  quilt  upon  a  bed,  into  an  ocean  of  water  rushing  madly 
down  to  tbe  sea,  tearing  everything  up  tliat  comes  into  its  way,  is  a 
gigantic  display  of  power,  compared  with  wliich  an  earthquake  sinka 
into  insignificance.  It  is  difficult  to  imagine  the  chaos  of  water  which 
mast  have  deluged  the  country  before  tlie  river  beds  were  worn  wide 
enough  and  deep  enough  to  carry  the  water  away  as  quickly  as  is  tbe 
case  now.  If  we  take  the  Lower  Yenisei  as  an  example,  it  may  be  pos- 
sible to  form  some  conception  of  the  work  which  has  already  been  done. 
At  Yeniseisk  the  channel  is  about  a  mile  wide;  800  miles  lower  down 
(measuring  the  windings  of  the  river),  at  tbe  village  of  Kureika,  it  i» 
about  3  miles  wide;  and  following  tbe  mighty  stream  for  about  another 
800  miles  down  to  the  Brekofi'sky  Islands,  it  is  nearly  6  miles  wide. 
The  depth  of  the  channel  varies  from  SO  to  100  feet  above  the  winter 
level  of  the  ice.  This  ice  is  about  3  feet  thick,  covered  with  6  feet  of 
snow,  which  becomes  flooded  shortly  before  the  break-up  and  eon- 
verted  into  about  3  feet  of  ice,  white  as  marble,  which  lies  above  the 
winter  blue  ice.  When  the  final  crash  comes,  this  field  of  thick  ice  is 
shattered  like  glass.  The  irresistible  force  of  the  flood  behind  tears 
it  up  at  an  average  rate  of  i  miles  an  hour,  or  about  100  miles  a  day, 
and  drives  it  down  to  the  sea  in  the  form  of  ice  floes  and  pack  ice. 
Occasionally  a  narrow  part  of  the  channel  or  a  sharp  bend  of  tbe  river 
causes  a  temporary  check;  but  the  pressure  from  behind  is  irresistible, 
the  pack  ice  is  piled  into  heaps,  and  tbe  ice  floes  are  doubled  up  into 
little  mountains,  which  rapidly  freeze  together  into  icebergs,  which  float 
oft'  the  banks  as  the  water  rises.  Meanwhile,  other  ice  floes  come  up 
behind;  some  are  driven  into  the  forests,  where  the  largest  trees  are 
mown  down  by  them  like  grass,  whilst  others  press  on  until  the  barrier 
gives  way  and  tbe  waters,  suddenly  let  loose,  rush  along  at  double 
speed,  carrying  tbe  icebergs  with  them  with  irresistible  force,  the 
peut-up  daiu  which  has  accumulated  in  the  rear  often  covering  hnn- 
dretls  of  square  miles.  In  very  little  more  than  a  week  the  ice  on  the 
800  miles,  from  Y'eniseisk  to  tbe  Kureika,  is  completely  broken  up,  and 
in  little  more  than  another  week  the  second  800  miles,  from  the  Kureika 
to  the  Brekoffsky  Islands,  is  in  the  same  condition. 

During  the  glacial  epoch  the  annual  fight  between  winter  and  the 
sun  nearly  always  ended  in  the  victory  of  tbe  former.  Even  now  tbe 
fight  is  a  very  desperate  one  within  the  Polar  Circle  and  is  subject  to 
much  geographical  variation.  The  sun  alone  has  little  or  no  chance. 
The  tu-mies  of  winter  are  clad  in  white  armor,  absolutely  proof  against 
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the  Bun^s  darts,  which  glance  harmlessly  on  6  feet  of  snow.  In  these 
high  latitudes  the  angle  of  incidence  is  yery  small,  even  at  midday  iu 
midsummer.  The  oun's  rays  are  reflected  back  into  the  dry  air  with  as 
little  effect  as  a  shell  which  strikes  obliquely  against  an  armor  plate. 
But  the  sun  does  not  fight  his  battle  alone.  He  has  allies  which,  like 
the  arrival  of  the  Pmssians  on  the  field  of  Waterloo,  finally  determine 
the  issue  of  the  battle  in  bis  favor.  Tbe  tide  of  victory  turns  earliest 
in  Norway,  although  the  Scandinavian  Fjeld  forms  a  magnificent  for- 
tress, in  which  tbe  forccK  of  winter  intrench  tbemHelves  in  vain.  This 
fortreHf  looks  as  impregnable  as  that  on  the  optmsite  coast,  and  would 
donbtless  prove  so  were  it  not  for  the  fact  that  in  thiH  {>art  of  tbe  Polar 
Basin  the  sun  has  a  most  potent  ally  in  the  Gulf  Stream,  which  soon 
routs  the  armies  of  winter  and  compels  the  fortress  to  capitulate. 

The  suddenness  of  tbe  arrival  of  summer  in  Siberia  is  probably  largely 
dne  to  tbe  geographical  features  of  the  country.  In  conseijucnce  of 
tbe  vastness  of  the  area  which  is  drained  by  the  great  rivers,  and  the 
immense  volume  of  water  which  they  have  to  carry  to  the  sea,  the 
break  up  of  the  ice  in  their  lower  valleys  precedes,  instead  of  being 
caused  by,  the  melting  of  the  huow  toward  the  limit  of  forest  growth. 
Tbe  ice  on  the  cfHueitts  either  breaks  up  after  that  on  the  main  river, 
or  is  broken  up  by  irresistible  currents  tVom  it  which  flow  up  stream, — 
an  auomaly  for  which  the  pioneer  voyager  io  seldom  preiKire<l ;  and 
when  the  captain  has  escaped  the  danger  of  battling  against  an  attack 
of  pattk  ice  and  ice  floes  from  a  quarter  whence  it  was  entirely  unex- 
pecteil,  he  may  be  suddenly  called  upon  to  face  a  second  army  of  more 
formidable  ice  floes  and  pack  i(«  from  the  great  river  itself,  and  if  his 
ship  survive  the  second  attack  a  third  danger  awaits  him  in  the  alter- 
nate rise  !ind  fall  of  the  tributary  as  each  successive  barrier  where  the 
ice  gets  jammed  in  its  march  down  the  main  stream  below  the  junction 
of  the  river  accumulates  until  tbe  pressure  from  behind  becomes  irre- 
sistible, when  it  suddenly  gives  way.  This  alternnto  advance  and 
retreat  of  the  beaten  armies  of  winter  continued  for  about  ten  days 
during  the  battle  l>etweeit  summer  and  winter  of  which  I  was  a  witness' 
in  the  valley  of  the  Yenisei.  Un  one  ot^ca^ion  I  calculated  that  at  least 
50,001)  acres  of  pack  ice  and  ice  Hoes  bad  been  marched  up  the  Kureikit. 
The  marvel  is  what  became  of  it.  To  all  appearance  half  of  it  never 
came  back.  Some  of  it  uo  doubt  melted  away  during  the  ton  days' 
marches  and  countermarches;  some  drifted  away  from theriveron  the 
flooded  places,  which  are  otten  many  square  miles  in  extent;  some  got 
lost  in  the  adjoining  forests,  and  was  doubtless  stranded  among  the 
trees  when  the  flood  subsided;  and  some  were  piled  up  in  layers  one 
upon  the  top  of  the  other,  which  more  or  less  imperfectly  froze  together 
and  formed  icebergs  of  various  shapes  and  sizes.  Someof  the  icebergs 
which  we  saw  going  down  the  main  stream  were  of  great  size,  and  as 
nearly  as  we  could  estimate  stood  from  20  to  30  feet  above  tbe  surface 
of  tbe  water.  These  immense  blocks  appeared  to  be  moving  at  the 
rate  of  from  10  to  20  miles  an  hoar.    The  grinding  together  of  the 
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3harp  edges  of  the  innumeraUle  aiasses  of  ice  as  tUey  were  driven 
dowu  stream  by  tbe  irresistible  pressure  from  behiud  produced  »  shrill 
rustljug  sound  that  could  be  beard  a  mile  froiii  tbe  river. 

The  alternate  marching  of  this  immense  quantity  of  ice  up  and  down 
tbe  Kureika  was  a  most  curious  iibenomenon.  To  see  a  strong  current 
up  liitream  for  many  hours  is  so  contrary  to  all  previous  experience  of 
the  behavior  of  rivers  that  one  can  not  help  feeling  continuous  astoii- 
isbtnent  at  tbe  novel  siglit.  Tbe  monotony  which  might  otherwise  have 
interveneil  in  a  t«n  clays'  march  i>ast  of  ice  was  continually  broken  by 
complete  changes  in  the  scene.  Sometimes  tlie  current  was  up  stream, 
sometimes  it  was  down,  and  occasionally  there  was  no  current  at  all. 
Frequently  the  i>tu-k  ice  and  i4;e  tloes  were  so  closely  Jamme«l  together 
that  there  was  no  apparent  difficulty  m  scrambling  across  tbem,  and 
occasionally  the  river  was  free  from  ice  for  a  short  time.  At  other 
times  the  river  was  thinly  sprinkled  over  with  ice  blocks  and  little  ice- 
bergs, which  occjvsionally  "  calved "  as  they  travelled  on,  with  much 
commotion  and  splashing.  The  phenomenon  te<-,hnically  called  '^calv- 
ing" is  curious,  and  sometimes  quite  startling.  It  takes  place  when  a 
number  of  scattered  ico  blocks  are  qiiietly  floating  down  stream.  All 
atlouce  a  loud  splattli  is  heard  as  a  huge  lump  of  ice  rises  out  of  the 
water,  evidently  from  a  considerable  depth,  like  a  young  whale  coming 
up  to  breathe,  noisily  beats  back  the  waves  that  the  sudden  upbeavel 
has  causecl,  and  rocks  to  and  fro  for  some  time  before  it  finally  settles 
down  to  its  Boating  level.  There  can  be  bttle  doubt  that  what  looks 
like  a  comparatively  small  ice  block  floating  innocently  along  is  really 
the  top  of  a  formidable  iceberg,  the  greater  part  of  which  is  a  sub- 
merged mass  of  layers  of  tee  piled  one  on  the  top  of  the  other,  and  tu 
many  places  very  imperfectly  fro!:en  together.  By  some. accident,  per- 
haps by  grounding  on  a  hidden  sandbank,  perhaps  by  the  water  get- 
ting between  the  layers  and  thawing  tbe  few  places  where  they  are 
frozen  together,  the  bottom  layer  becomes  detached,  escapes  to  the 
surface,  and  loudly  asserts  its  commencement  of  an  independent  exist- 
ence with  the  commotion  in  tbe  water  which  generally  proclainiH  the 
fact  that  an  iceberg  lias  calved. 

Finally  comes  the  last  march  past  of  tbe  beaten  forces  of  winter,  the 
ragtag  and  bobtail  of  the  great  Arctic  army  that  coniesstraggling  down 
the  river  wlieti  the  campaign  is  all  over — worn  and  weather- bcji ten  lit- 
tle icebergs,  dirty  ice  Hoes  that  look  like  floating  sandbanks,  and  stnig- 
gling  pack  ice  in  tite  last  stages  of  consumption  that  looks  strangely 
out  of  plm-e  under  a  burning  sun  between  banks  gay  with  the  gayest 
flowers,  amidst  the  buzz  of  mosquitoes,  the  music  of  xong  birds,  and 
the  harsh  cry  of  gulls,  divers,  ducks,  and  sandpipers  of  various  species. 

I  have  been  thus  difliise  in  describing  these  s<^'enes,  in  tbe  first  place, 
because  they  nrc  very  grand;  in  the  second  place,  betrause  they  have 
so  important  a  bearing  upon  climate,  one  of  the  great  factors  which 
determine  the  geographical  distribution  of  animals  and  plants;  and  in 
the  third  place,  because  they  have  never  been  sufficiently  emphasized. 


SinilhKnian  Rap«rt, 
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THE  PKKSENT  STANDPOINT  OF  GEOORAIMIY.' 


By  Clements  K.  Mabkham,  V.  R.  S. 


The  work  of  geo^n^pliical  discovery,  duhiiK  Itviiif;  memory,  baa  pro- 
ceeded with  fliicli  rapidity  that  many  ol'  n«  bave  been  balC  iiuHued  to 
tbiiik  that  there  is  httle  lell  to  be  doue.  BnllraDtly  suct^eHsM  expedi- 
tions have  traversetl  tbe  uuknown  )iarts  of  tlie  great  eontiueiits,  bliiDk 
spa4-e«  ou  onr  maps  have  l>ecii  iitled  up  year  after  year,  entrancing  nar- 
ratives of  perilous  adventure  have  held  us  iu  rapt  attention  during 
eaeb  Bueceediug  session,  until  we  are  temptc^d  to  believe  that  tbe  glori- 
ous tale  is  nearly  told.  But  this  is  very  far  indeetl  from  being  tlie  ease. 
There  are  still  wide  tracts,  in  all  the  great  divisions  of  the  earth,  which 
are  unknown  to  us,  and  which  will  furnish  work  to  explorers  for  many 
years  to  wmie,  while  the  examination  of  otrean  depths  is  an  important 
task  which  has  but  lately  been  commenced.  Moreover,  there  are  regions 
of  vast  extent  which  are  only  very  partially  known  to  us,  tbe  more 
detailed  examination  of  which  will  enable  explorers  to  collect  geo- 
graphical information  of  tbe  highest  value  and  of  the  greatest  interest. 
It  is  from  tbe  nietho<lical  study  of  limiteil  areas  that  science  derives  the 
most  satisfactory  results.  When  such  investigations  are  commenced 
it  is  found  bow  meager  and  inaccurate  previous  knowledge  derived 
from  tbe  cursory  information,  picked  up  during  some  ra[iid  march,  bad 
been.  A  detailed  8cientifl<!  mouograjth  on  a  little  known  region  of 
comparatively  small  extent  supplies  work  of  absorbing  interest  to  the 
explorer,  while  he  has  the  satisfaction  of  knowing  that  his  labors  will 
be  of  lasting  value  and  utility.  There  is  sufficient  work  of  this  less 
ambitious,  but  not  less  serviceable  kind  to  occupy  a  whole  army  of  Held 
geographers  for  many  decmles.  Exact  delineation,  by  trigonometrical 
measurement,  is  our  crowning  work.  It  is  barely  commenced.  With 
the  exception  of  countries  in  Europe,  British  India,  tbe  coast  of  tho 
United  States,  and  a  small  part  of  its  interior,  the  whole  world  is  still 
unmapped.  Supposing  that  tbe  surface  of  the  earth  does  not  undergo 
changes,  our  work  will  be  completed  centuries  hence,  when  all  the 
regions  of  the  earth  have  l>ecn  discovered,  have  been  explore<l  in  detail, 

'OpeniiiK  mldreHH  of  llie  pri'Hiili'nt,  ileiiveml  at  tliu  merliiii;  of  llie  Ri>,V!ll  Geo- 
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and  have  beeu  scieuttfically  mapped.  As  tbe  earth's  surface  is  id  cod- 
stant  process  of  change,  our  work  will  never  be  completed,  and  we  must 
as  a  ruve  of  men  labor  at  it  without  ceasing.  We  of  this  generation 
have  received  the  torch  of  geographical  knowledge  from  our  fathers. 
It  is  for  us  to  difl'nse  its  light  over  a  wider  and  wider  circle  while  we 
live,  aud  to  hand  it  oti,  still  burniag  brightly,  to  our  descendauts. 

All  of  us,  all  the  Fellows  of  this  great  Society,  ought  to  work  in  onr 
several  lines  aud  capacities,  for  all  can  help  in  the  diffiision  of  the  light 
of  knowledge,  some  in  one  way,  some  in  another.  I  have  tboagbt, 
therefore,  that  we  might  U8ef\illy  set  apart  the  opening  night  of  our 
present  session  for  taking  a  survey ;  it  must  necessarily  be  a  rough  and 
incomplete  survey,  but  still  a  general  survey  of  some  of  the  work  that 
is  before  us;  of  tbe  regions  that  are  still  unknown  and  await  discov- 
ery, of  the  tracts  that  seem  most  to  need  more  detailed  exploration, 
and  of  the  principal  geographical  problems  that  remaiu  to  be  solved. 
We  may  also  glance  at  the  ways  in  which  our  society  has  furnished  in 
tbe  past,  aud  may  still  more  in  the  future  furnish  aid  toward  fiirtber- 
ing  and  helping  in  the  great  work  that  is  always  before  us. 

The  Polar  areas  contain  by  far  the  most  extensive  unknown  tracts 
on  the  globe.  Explorers  and  geographers  have  been  occupied  with  tbe 
Arctic  regions  for  tbe  last  three  centuries,  and  more  especially  during 
the  last  century.  Their  laliors  have  added  a  very  bright  page  to  the 
story  of  British  maritime  achievement.  The  expeditions  have  brought 
back  abundant  valuable  results  in  all  branches  of  science,  and  by  open- 
ing the  way  to  lucrative  fisheries  have  increased  the  wealth  of  tbe 
nation.  But  their  great  use  has  been  that  to  which  Lonl  Beaconsfield 
referred  in  1874,  "the  importance  of  encouraging  that  spirit  of  enters 
prise  which  has  ever  distingiiishetl  the  Engbsh  people."  At  present 
it  18  our  watch  below  as  regards  tbe  Arctic  regions.  We  have  taken  a 
back  seat,  from  which  we  look  ou  while  others  do  the  work.  Mr.  Peary, 
after  a  very  perilous  and  adventurous  reconnaissance  last  year,  is  now 
preparing,  amidst  all  the  hardships  of  au  Arctic  winter,  for  a  supremo 
effort  to  solve  one  of  the  great  remaining  geographical  problems,  tbe 
insularity  of  Greenland.  Our  gallant  friend  Nansen  is  engaged  upon  a 
still  more  heroic  enterprise.  I  believe  that  the  argument  on  which  his 
proceedings  are  base<l  is  sound.  I  know  that  if  thoi-ough  knowledge, 
mature  reflection,  courage  of  tbe  highest  order,  indomitable  persever- 
ance, and  the  faculty  for  command  can  se^^ure  success  Hansen  is  tbe 
man  to  iichieve  it.  But  the  natnral  obstacles  are  very  great,  and  it 
may  well  be  beyond  human  power  to  overcome  them.  We  can  only 
give  these  gallant  men  our  warmest  sympathy,  and  resolve  that  our 
welcome  on  their  return  shall  be  hearty  and  cordial. 

Bnteven  when  the  great  geographical  problems  with  which  Nansen  and 
Peary  are  now  grappling  have  been  fUlly  solveil  there  will  still  be  a  vast 
unknown  area  within  the  Arctic  Circle  and  much  important  work  to  be 
done.     For  several  reasons  1  believe  that  there  is  laud  between  Prince 
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Patrick  Islaud  and  Siberia  which  ought  to  be  discovered.  The  extent 
of  the  ancient  ice  ought  to  be  aseertaiued  by  an  expedition  u|>  Jones 
Soand.  Franz  Joaef  Land,  particularly  the  coasts  aud  islands  on  its 
northern  face,  offer  materialB  of  pecuUar  interest  to  the  explorer.  Mr. 
Jachson,  who  left  last  summer  to  explore  the  Yalmal  Peniusula,  has 
proposed  to  lead  au  expedition  in  this  direction.  The  difficulties  will 
be  formidable  aud  ought  not  to  be  disguised,  but  the  value  of  the  scien- 
tific results  to  be  attained  are  well  worth  the  unavoidable  risk.  Auother 
direction  for  research  is  the  area  immediately  to  the  north  of  Oai>e 
Chelyaskin,  in  Siberia,  where  Lieut.  Hovgaard,  ou  plausible  grouuds, 
believes  that  there  is  exiensivo  land.  It  will  occupy  at  least  five  suc- 
cessive Arcticexpedition8,alI  entirely  successful,  to  complete  our  knowl- 
edge of  the  North  Polar  area,  and  this  society  ought  never  to  rest  satis- 
fied until  the  work  is  thoroughly  done.  For  it  must  be  borne  in  mind 
that  this  work  will  not  only  unfold  to  us  the  varied  phenomena  of  the 
anknowu  regions.  The  earth's  Surface  is  a  connected  whole  aud  its 
phenomena  are  inter-dependent.  For  example,  the  climate  of  Europe, 
as  was  pointed  out  in  1873,  iu  no  small  degree  depends  on  the  atmos- 
pheric conditions  of  the  Polar  area.  For  the  satisfactory  appreciation 
of  these  phenomena  a  precise  actjuaintance  with  the  distribution  of  land 
and  water  north  of  tbe  Arctic  C'irclc  is  <{uite  necessary,  and  of  that  our 
knowledge  is  still  very  unlimited. 

If  a  vast  extent  of  the  North  Polar  area  is  still  unknown,  and  if, 
as  is  undoubtedly  tbe  case,  its  complete  examination  is  a  scientific 
desideratum,  how  much  more  is  this  the  ca^  within  the  South  Polar 
areal  The  Antarctic  regions,  with  millions  of  unknown  square  miles 
full  of  geographical  work,  and  teeming  with  the  most  interesting 
scientific  problems,  have  been  totally  neglected  by  us  for  half  a  century. 
It  is  not  necessary  that  I  should  say  more,  because  at  our  next  meeting 
Dr.  John  Murray  will  address  us  folly  on  the  important  results  to  be 
derived  from  Antarctic  discovery,  and  stir  up  our  enthusiasm  as  geog- 
raphers and  our  patriotism  as  Britons  so  that  we  may  all  combine  in  a 
hearty  effort  to  procure  the  renewal  of  Antarctic  research.  Certainly 
fifty  years  is  a  long  time  for  us  to  have  totally  neglected  so  vast  and  so 
Important  a  field  for  geographical  discovery.  We  may  now  look  forward 
to  a  most  interesting  Antarctic  meeting  on  November  27,  and,  mean- 
while, we  will  continue  our  survey  of  the  other  parts  of  tbe  world,  which 
either  need  further  exploration  or  are  entirely  unknown. 

There  is  plenty  of  interesting  work  even  in  our  quarter  of  the  globe, 
altboughthereare  now  no  discoveries  to  bemade.  Eveninourown  islands 
some  of  the  lakes  are  unsurveyed  and  were  not  systematically  sounded 
nntil  our  accomplished  librarian  began  tbe  useful  work  in  Cumberland 
this  year.  The  topograpliy  of  the  Alps  may  be  considered  to  be  fairly 
complete,  but  there  are  still  physical  inquiries  of  great  interest  which 
commend  themselves  to  scientific  Alpine  travelers,  such  as  the  extent 
and  action  of  ice,  the  oscillations  of  glaciers,  the  origin  of  tbe  Fobn 
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vind.  and  the  effects  of  tlie  destruction  of  forests.  The  historical  geoera- 
pliy  of  tUe  Alps  is  also  in  processof  elucidation,  and  in  this  dt^imrtmeut 
oar  associate,  the  Rev.  \V.  B.  Ooolidge,  of  Magdalen  College,  Oxford, 
is  one  of  the  most  industrious  workers,  but  much  remains  to  be  doue. 
It  will  be  remembered  too  that  our  secretary,  Mr,  Douglas  Freshfleld, 
has  written  a  paper  on  the  long-disputed  passage  of  the  Alps  by  Hao- 
Dibal,  and,  although  his  solution  of  tlie  question  has  not  been  uoiver- 
sally  accepted,  it  is  adopted  iu  the  latest  edition  of  Arnold's  '*Rouie." 
Beyond  the  Alps  there  is  need  of  a  fuller  description  of  the  Cantabriaii 
Highlands  along  the  uorth  of  Sitain,  but  it  is  the  Balkan  Peninsala 
which  ofiers  the  best  new  grouud  in  £uroi>e  for  mountain  travelers. 
This  year  our  Oxford  travelling  scholar,  Mr,  Cozens-Hardy,  has  been 
investigatiug  one  of  tUe  least-explored  and  worst-mapped  regions  in 
Europe,  that  on  the  frontiers  of  Montenegro.  The  value  of  his  work  is 
best  shown  by  the  fact  that  the  iutelligeuco  department  has  under- 
taken the  production  of  a  map  based  on  liis  observations.  On  the 
border  land  of  Europe  and  Asia  the  Caucasus  has  been  revealed  to  us, 
and  we  have  been  made  familiar  with  the  splendor  of  its  forests  and 
frozen  crests  within  the  last  quarter  of  a  century,  tlianks  to  our  gold 
medatlistjDr.Badde,  and  other  Alpine  climbers.  In  this  region  Signor 
W.  Sella,  our  honorary  associate,  M.  de  Decby,  and  Mr.  II,  Woolley 
have  conspicuously  proved  what  photography  can  do  to  present  a  living 
picftire  of  the  physical  features  aud  of  the  inhabitants  of  a  hitherto 
little  known  country.  Recently  the  Russian  Government  bas  under- 
taken a  survey  of  tlio  Caucasus,  and  the  results,  as  far  as  they  are 
available,  reflect  the  highest  creilit  on  the  otticera  employed;  but  the 
range  is  of  great  extent,  and  here  there  is  plenty  of  room  for  nionutaiii 
tnivelers  to  break  new  gronnd. 

The  regions  not  yet  tniveised  by  explorers  on  the  continent  of  Africa 
have  shrunk  very  considerably  siuce  I  became  a  fellow  of  this  society. 
Barth  and  Vogel  were  then  at  work  in  the  direotion  of  Tiinbuctoo  and 
LakeChad,  Dr.  Baikiu  was  on  the  Niger,  T>r.  Livingstone  was  making 
his  way  to  the  coast  at  Loando,  and  Mr.  Gallon's  companion,  Anderssen, 
hatl  reached  Lake  Ngami ;  Burton  hiul  just  proposed  his  expedition  to 
Harar,  Tanganyika,  Victoria  Nyanza,  aud  Nyasa,  the  falls  of  the 
Zambesi,  the  heights  of  Kilimanjaro  and  Kenia  had  not  been  heard  of. 
In  those  days  almost  every  cx[>edition  that  was  sent  into  Africa  revealed 
to  us  some  geographical  feature  of  commauding importance  corroborat- 
ing or  refuting  the  theories  and  siKculations  of  students. 

At  present  there  are  only  three  regions,  in  Africa,  of  considerable 
area  which  offor  optMirtunities  for  discovery  on  a  large  scale,  namely, 
the  Sahara,  the  region  adjoining  it  to  the  south,  and  extending  across 
Wadai  to  the  watersheds  of  the  Congo  and  Nile,  and  the  region  to  the 
eastof  the  Upper  Nile,  stretching  south  of  Abyssinia,  through  the  lands 
'if  the  Gallas  and  Somalis,  to  the  eastern  seaboard  of  the  continent. 
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In  the  Sahara  there  are  more  especially  two  districts  which  woald 
reward  an  enterprimog  explorer.  Oiie  has  for  its  center  tbe  bigblands 
of  Tibesti,  for  our  knowledge  of  which  we  are  solely  dependent  on  the 
reports  of  Nachtigal  and  Gerhard  Roblfs.  The  other  is  tbe  highland  of 
Atiagear.  Col.  Flatters  lost  his  life  iu  an  attempt  to  explore  it  in  1881, 
yet  the  difficulties  can  not  be  iusurmoun table.  Great  interest  attaches 
to  a"  thorough  oxamtitation  of  the  Atlas  Mountains,  but  they  are  still 
rendered  inaccessible  in  some  parts  by  faiiatical  tribes. 

The  second  large  unknown  African  region  includes  Wadai  aud  the 
districts  lying  between  the  scene  of  Junker's  exploration  in  the  east 
and  the  route  recently  taken  by  M.  Maistre,  in  bis  journey  Irom  the 
Ubaiigi  to  the  Shari.  Wadai  bas  only  beeu  visited  by  three  Europeans. 
Dr.  Vogel  was  murdered  at  Wara  in  1856,  and  bis  diaries  have  never 
been  recovered.  Nachtigal  crossed  tbe  country  from  west  to  east  in 
1873.  Lieut.  Masari  did  so  in  the  opposite  direction  in  1880,  A  Euro- 
pean traveller  would  doubtless  meet  with  considerable  difficulties  in  an 
exploration  of  Wadai  proper,  but  the  outlying  districts  of  this  region 
certainly  deserve  attention,  and  they  are  »ow  much  more  easily  acces- 
sible from  the  Ubagiii -.Welle,  or  the  upper  Benue,  than  they  were  some 
years  ago. 

Far  more  interesting,  however,  is  the  vast  region,  tbe  greater  part  of 
which  is  unexplored,  which  stretches  from  the  Upiwr  Nile  to  the  Indian 
Ocean.  It  im^Iudes  not  only  the  territories  of  the  Galla  and  Somali,  bnt 
also  those  highlands  to  the  soath  of  Abyssinia,  where  little  progress 
has  been  made  since  tbe  visit  of  D'Abbadie  to  Kaffa  in  1843.  There 
are  commercial  as  well  as  geographical  motives  for  opening  up  these 
almost  unknown  highlands.  Wbeii  I  was  at  Senafe,  in  Abyssinia,  a 
iner(^bant  arrived  from  Kalfa  or  Enarea  with  donkeys  latlen  with  coffee. 
I  had  an  interesting  conversation  with  him,  Dr.  Krapf  acting  as  my 
interpreter.  Tbe  man  said  that  be  bad  crossed  tbe  whole  of  Abyssinia 
to  find  a  market  for  his  goods,  and  that  he  was  on  his  way  to  Massawa. 
We  atterward  heard  that  be  was  robbed  and  murdered  in  tbe  Dagonta 
Pass;  so  that  be  never  reached  his  market.  This  incident  bas  always 
-  given  me  a  spei;ial  interest  in  tbe  highlands  south  of  Abyssinia;  and 
I)»rt8  of  them  have  recently  beeu  visited  by  Italian  travellers.  Cbiarini 
and  Cecchi  made  their  way  from  Shoa  to  Kaffa,  Soleillet  reached  Kaffa 
in  1882,  Boreltt  explored  the  sources  of  tbe  Hawash  in  1888,  and 
reached  the  Omo  flowing  to  Lake  Rudolf,  and  I>r.  Traversi  examined 
the  upper  Hawasb,  and  I)r.  Steckor  reached  Lake  Zuway.  Tbe  inter- 
esting lake  district  to  tbe  south  of  Shoa  is  probably  most  accessible 
from  the  north.  But  assaults  should  be  made  on  the  southern  extremity 
of  the  great  Abyssinian  Mountain  plateau  IVom  the  east  or  the  south, 
by  expeditions  starting  from  Kisimayu  or  Lake  Rudolf.  Mr.  Cbanler, 
witli  Lieut.  Hobnel  and  Capt.  Bottego,  who  are  at  present  in  the  field, 
may  possibly  solve  tl»e  problem  of  tbe  sources  of  the  Jub,  bat  even  if 
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tbey  do  succeed  there  will  still  remain  splendid  opportUDities  for  future 
expeditions.* 

The  Italians  bave  recently  made  great  efforts  to  ascertain  the  geo- 
graphical features  of  the  Somali  country.  Signer  Bricchetti-Bobecchi, 
especially,  has  travelled  alo  iig  the  whole  coast  from  Mukadisho  to 
Allula,and  has  also  crossed  the  Somali  country  from  Obbia  on  the  shore 
of  the  Indian  Ocean  to  Berbera  on  the  Onlf  of  Aden.  We  had-  the 
pleasure  of  welcoming  this  anient  explorer  in  the  autumn.  He  bad 
previously  written  a  charming  book  describing  his  visit  to  the  oasiB  of 
Japit«r  Ammon. 

The  country  west  of  tbe  Jub  lies  within  tbe  British  sphere  of  infla- 
ence,  and  the  interests  of  geography,  no  less  than  those  of  commerce, 
make  it  desirable  that  its  exploration  should  be  undertaken  by  British 
travelers.  As  soon  as  friendly  relations  can  be  established  with  the 
Somali  and  Galla  living  at  the  back  of  Kisimayu,  an  expedition  into 
the  country  of  tbe  Borana  Galla  ought  not  to  uieet  with  insuperable 
difficulties.  Oamels,  horses,  and  donkeys  are  procurable  there,  so  that 
the  work  of  explorers  would  be  much  facilitated.  A  depot  might  be 
established  on  or  near  Lake  Rudolf,  a  district  which  is  said  to  be  rich 
in  ivory,  and  relations  might  then  be  established  with  the  tribes  inter- 
vening between  that  lake  and  the  highlands  south  of  Abyssinia,  includ- 
ing KafTa  and  Enarea.  Exploring  journeys  both  Irom  the  Shoa  couu- 
try  to  the  south,  or  northward  from  Lake  Rudolf,  would  lead  to  a  region 
which,  although  the  last  tc  be  taken  in  hand,  is  certainly  one  of  the 
most  interesting  in  the  interior  of  Aflrica. 

Outside  the  regions  just  referred  t/o  we  may  be  said  to  have  obtained 
a  fair  knowledge  of  the  general  geographic^  features  of  the  African 
continent.  Much  detail  remains  to  be  filled  in,  and  much  of  the  work, 
executed  in  a  hasty  and  superficial  manner,  requires  to  be  done  over 
again.  There  are  also  regions  of  great  interest  which  have  been 
visited,  but  which  will  well  repay  detailed  examination.  The  moan- 
tains  of  Ruwenzori  were  discovered  by  Stanley,  and  have  since  been 
passed  on  tbe  west  side  by  Stuhlmann.  Capt.  Lngard,  vhom  you  had 
the  pleasure  of  welcoming  from  Uganda  in  the  last  session,  was  the 
first  to  pass  them  on  the  eastern  side.  These  mountains  and  the  coun- 
try between  them  and  Lake  Tanganyika  comprise  a  piece  of  work  which 
Mr.  Scott  Elliot  has  just  set  out  with  the  intention  of  carefully  exe- 
cuting. Most  valuabK>  results  may,  I  think,  be  anticipated  from  his 
labors. 

Excellent  work  of  the  same  characterbas  just  been  completed  byonr 
correspondent,  Dr.  Gregory,  on  Mount  Kenia,  and  we  anticipate  a  most 
interesting  paper  from  this  accomplished  eitplorer  in  the  course  of  the 
session. 

Many  of  the  itineraries  which  crowd  and  fill  up  our  maps  are  based 

*  Capt.  ButUgo  him  Bince  returned  to  Europe. 
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npOD  very  imperfect  materials.  Mr.  RarensteiD,  whose  unrivalled 
knowledge  of  all  that  coucerus  tlie  mapping  of  Africa  is  icell  known, 
has  pointed  oat  to  me  the  want  of  reliable  Rcientific  observations  even 
on  roates  whieh  have  been  traversed  several  times.  It  is  not  pos- 
sible to  lay  them  down  on  a  map  with  conttdence  in  consequence  of 
these  deficiencies.  The  Victoria  Falls  of  the  Zambesi,  for  instance, 
have  been  visited  by  scores  of  travellers,  but  their  exact  geographical 
position  is  still  uncertain.  Careful  astronomical  observations  have 
never  been  taken  there.  Then,  again,  the  statements  as  to  the  height 
of  Lake  Ngami  above  the  sea  actually  vai-y  between  2,260  and  3,700  feet. 
The  Tioge,  which  ent«rs  that  lake  on  the  north,  has  been  repeatedly 
ascended,  but  observations  for  latitude  have  n'ever  been  taken.  Sim- 
ilar instances  of  opportunities  neglected,  might  be  adduced  from  all 
parts  of  Africa,  the  most  deplorable  one  being  that  of  the  now  aban- 
doned Egyptian  Sudan,  where  an  extensive  net  of  telegraphic  wires 
was  uever  utilized  for  determining  the  longitudes  of  Khartooni  and 
other  places  of  importance. 

Oil  the  other  hand,  we  must  remember  the  admirable  work  done  by 
our  distinguished  gold-medallist,  Mr.  O'Neill,  in  fixing  the  position  of 
Blantyre.  Equally  carefiil  observations  have  been  taken  by  theBelgian 
officers  in  the  basin  of  the  Congo  and  on  the  shoresof  Lake  Tanganyika. 
Nor  must  I  fail  to  record  the  good  work  of  the  members  of  the  Anglo' 
Portuguese,  Anglo-French,  and  Anglo-German  boundary  commissions, 
and  of  the  officers  of  the  Eoyal  Engineers  who  carried  out  the  surveys 
for  a  proposed  Mombasa- Victoria  railway.  We  must  recognize  estab- 
lished facts.  It  is  the  work  of  scientific  and  carefully  trained  explorers 
that  we  now  need  in  Africa.  The  time  for  desultory  exploring  exi>e- 
ditions  is  past.  Some  parts  of  Africa,  including  Algeria  and  Tunis, 
Gape  Colony,  Natal,  and  Eritrea  are  now  actnally  being  surveyed.  An 
extension  of  such  surveys,  on  the  system  proposed  by  Col.  Trotter  at 
the  Cardlflf  meeting  of  the  British  Association,  to  other  districts  already 
occupied  by  Europeans  is  much  to  be  desired.  In  the  end  they  would 
prove  cheaper  than  repeated  expeditions  yielding  imi>erfect  or  unrelia- 
ble materials  for  the  map-maker. 

Their  extension  over  the  greater  part  of  Africa  can  not  of  course 
be  thonght  of  for  many  years  to  coma  But  I  beheve  that  it  would  be 
quite  possible  to  drive  certain  carefully  selected  trunk  lines  across  the 
continent  which  would  serve  as  bases  for  all  future  exploration,  an<l 
which  would  enable  us  to  utilize  existing  materials  far  more  efficiently 
than  can  be  done  at  present.  The  positions  of  the  main  stations  on 
these  trunk  lines  would  be  carefully  fiscal  by  astronomical  observations, 
and  there  should  be  a  number  of  meteorological  stations  supplied  with 
standard  barometers,  so  that  wc  may  be  able  to  compute  our  aneroid 
observations  with  some  confiilence  in  the  results. 

Such  is  the  work  of  the  future  as  regards  the  African  continent.    There 

are  two  great  areas  of  the  Sahara  to  be  discovered.    There  is  Wadai 
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to  be  explored.  We  bope  that  a  well-eqatppeil  Etiglish  expedition 
will,  before  very  long,  wt  out  from  a  base  od  Luke  Rudolf  and  penetrate 
the  bighland  legnns  sonth  of  Abyssinia.  We  also  bope  to  receive  muck 
valuable  ge(^raphii;al  infurniatiau  from  the  coutemplated  work  of  the 
Hausa  Asaociation.  There  are  numerous  pieces  of  local  exploration, 
Boch  as  tbe  work  undertaken  by  Mr.  Scott  Elliot  in  tbe  KnweuKort, 
which  are  both  interesting  and  important.  Lastly,  there  is  tbe  estab- 
lishment of  lines  of  fixed  positions  and  of  meteorological  stntions 
which  ought  to  be  kept  steadily  in  \-iew  by  as  and  pushed  forward  as 
opportunity  offers.  This  is  tbe  pioneer  work  which  will  keep  well  in 
advance  of  the  regular  earveys.  Tbe  pace  of  African  discovery,  during 
my  time,  has  been  fast  and  fririoas.  Hereafter  it  will  be  more  steady 
and  the  work  will  be  more  scientific.  We  are  proud,  as  a  nation,  of  tbe 
illustrious  men  who,  in  tbe  face  of  appalling  sufferings  and  hardships, 
and  in  spite  of  what  might  well  appear  insnperable  difficulties,  have 
supplied  us,  in  a  comparatively  short  number  of  years,  with  a  general 
knowledge  of  the  interior  of  Africa.  We  shall  have  to  ask  for  eqoally 
high  qualifications  as  travellers  from  those  who  will,  in  the  fatare, 
emulate  the  examples  of  Livingstone  and  nortou,  of  Speke  and  Grant, 
of  Cameron  and  Stanley,  and  also  for  scientific  attainments  of  a  high 
order.  Tliat  the  right  men  will  come  to  tbe  front,  who  can  doubt? 
Some,  indeed,  are  already  in  the  field.  We  must  not,  however,  forget 
the  warning  voice  of  my  illustrious  predecessor,  Sir  Bartle  Frere.  **No 
country,'*  he  sai<l,  "  i>osses»ea  the  best  raw  material  in  such  perfection 
as  Great  Britain.  The  strong  physical  cnnstitntion,  the  buoyant 
energy,  the  keen  i>ower  of  observation,  the  good-humored  indifference 
to  opi>osition  and  danger,  the  (let ernii nation  not  to  be  beaten,  aremore 
common  among  our  youth,  moi'o  lasting  among  our  seniors,  than  iu 
most  other  races.  But  this  very  abundance  of  natural  gifts  is  apt  to 
give  us  a  dangerous  cont4-nipt  for  artificial  culture.  How  often  have 
our  working  geognijihers  lamented  the  neglect  of  systematic  training 
by  some  of  our  most  enteri>ri8ing  travellers."  These  wise  words  were 
addressed  to  you  twenty  years  ago,  and  I  believe  they  were  taken  to 
heart.  Our  young  explorers  now  pay  mnch  more  attention  to  their 
scientific  training  tban  tlioy  did  formerly.  There  is  plenty  of  important 
work  and  plenty  of  very  hard  work  iu  Africa  still,  and  I  am  confident 
that  Britiiin  will  produce  the  right  men  to  do  it,  and  to  do  it  well.  If 
there  are  sucking  Wellingtons  and  Isclsons  among  us,  there  are  also 
sucking  Burtons  and  Livingstones.  The  magnificent  raw  material  sur- 
rounds us,  and  the  men  who  jwsscss  the  physical  advantages  enumer- 
ated by  Sir  Bartle  Frcn'  will  .-tHrcIy  ndd  to  them  the  needful  scientific 
knowledge  when  tlicy  find  that  they  must  qualify  to  become  good 
explorers.  As  onr  country  has  piiidncofl  gn>at  African  travellers  in  the 
past,  so  she  will  send  them  forth  in  the  l\itnre.  As  long  as  there  is 
work  to  bo  donp  1  snv  ngain  that  there  will  be  no  lack  of  volunteers. 
In  tbe  cor  'v  British  gt-ographprs  have  been  very  active 
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dnring  the  presetit  century.  Tbeyhave  mfide a  trigonometrical  survey 
of  India,  and  we  kiiowwbat  those  few  woide  signify,  what  high  Bcieotific 
att»inineiits  were  required,  what  hardships  and  dangers  had  to  be 
encountered,  what  lieavy  loss  of  life  was  entailed,  and  we  also  know  how 
ft'iiitfiil  were  the  resuttH.  The  names  of  lteun«U,of  Everest,  of  Waagh, 
of  Montgomerie,  and  of  our  eminent  colleagues  Q«bs.  James  T.  Walker 
and  Sir  Henry  Thuillier,  will  forever  occupy  very  boowable  niclies  in 
our  geographical  temple.  British  explorers  have  also  surveyed  and 
mapiied  Mesopotamia  and  Syria,  Persia  and  Afghanistan;  the;  have 
navigated  the  Chinese  rivers,  penetrated  over  the  passes  of  Che  Hima- 
laya, traversed  the  deserts  of  Manchuria  and  Turkistan,  and  discovered 
the  source  of  the  Oxus,  Still  they  have  left  a  great  deal  for  their  suc- 
cessors to  do. 

Perhaps  the  most  interesting  and  important  unknown  Asiatic  region 
is  the  southern  part  of  Arabia,  from  Yemen  on  the  west  to  Oman  on  the 
east,  and  between  the  sea  coast  and  the  states  of  Nejd  in  the  interior. 
This  unknown  region  is  upward  of  450  miles  in  extent,  both  in  length 
and  breadth,  Uadramant,  with  its  lofty  mountains  and  cultivated 
ravines,  its  settled  population  and  historic  past,  is  almost  a  sealed 
book  to  us.  The  tittle  we  know  is  derived  from  the  narrative  of 
journeys  made  by  Baron  von  Wrede  in  1843,  and  from  the  more  recent 
excursion  of  Col.  MileHin  1870.  Wrede's  stories  of  Himyaritic  inscrip- 
tions, wild  mountain  passes,  mysterious  quicksands,  and  terraced  cul- 
tivation only  quicken  our  longing  to  know  more.  Hadramant,  like  the 
Antarctic  coutinent,  has  been  totally  i>eglect«d  by  as  for  half  a  century. 
I  am  happy  to  be  able  to  announce  to  you  that  our  accomplished  asso- 
ciates, Mr.  and  Mrs.  Bent,  accompanied  by  a  Mohammedan  surveyor 
from  India  and  other  assistants,  are  about  to  undertake  the  explora- 
tion of  this  practically  unknown  region.  The  excellent  work  they  have 
already  accomplished  gives  us  the  assurance  that  when  we  welcome 
their  return  we  shall  find  that  they  have  brought  back  a  rich  stere  of 
valuable  and  interesting  information. 

Leaving  Arabia  and  Syria,  we  find  much  work  yet  to  be  done  in 
Asia  Minor.  The  most  important  unexplored  tleld  includes  the  upper 
valley  of  the  Euphrates  and  Eastern  Cappadocia,  and  toward  this  part 
of  the  work  our  society  has  already  made  a  liberal  contribution.  Next, 
turning  our  attention  to  Persia,  we  come  to  a  country  which  has  been 
explored  and  reports  upon  by  many  of  our  countrymen  since  the  days 
of  Sir  John  Malcolm,  and  which  has  now,  thanks  to  our  colleague, 
Mr.  Curzon,been  admirably  mapped.  Yet  even  here,  as  I  am  informed 
by  Mr.  Ourzou,  plenty  of  useful  geographical  work  remains  to  be  done; 
while  a  good  deal  of  information  that  lias  been  collected  by  officers 
dispatched  by  the  intelligence  department  at  Simla  continues  to  be 
"  secret  and  con  tl den  tin  1."  Thus  there  are  several  gaps  which  it  is  in 
the  power  of  private  travelers  to  All  in,  so  that  Persia  still  affords  an 
interesting  and  far  from  exhausted  field  for  geographers.        ,  -■  i 
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Eutei'iiig  froiD  tlie  west,  altbougU  the  frontier  province  of  Azerbaijaa 
has,  in  its  northern  half,  been  systematically  explored  and  inup{>ed  by 
RaBsian  surveyors,  ia  its  southern  parts  and  <m  the  Tnrkisli  border 
attention  niificht  uMefuily  be  paid  to  the  Persian  Kurds,  both  nomad 
and  seudentary,  the  former  mostly  in  the  niuuutains,  the  latter  in  tbe 
triangle  of  which  the  three  iwiuts  are  Suj-Bulah,  B\jar,  and  Sinna. 
Farther  south,  Luristan  still  remains  uiiexplored  in  many  parts,  e^>e- 
cially  in  the  western  sulxlivisioii  called  Pusht-i-Kuh,  the  home  of  tbe 
Feili  Lurs.  Siiiee  Sir  Henry  Kawlinsou  and  Sir  A.  Layardwere  there 
fifty  years  ago  these  regions  have  been  almost  unvisited.  Agaiu,  to 
the  west  of  the  route,  from  Tehran  to  Ispahan,  there  is  a  number  of 
small  districts  which  are  very  imperfectly  known;  while  west  of  the 
road  from  Ispahan  to  Shiraz  there  is  an  absolute  blank  on  the  thirty- 
third  parallel,  between  Kumishah  and  Yezd.  Farther  south,  the  Basha- 
kerd  province  and  Pernian  Baluchistan  are  very  little  known  and  largely 
unexplored,  and  in  Luristan  there  is  a  blank  si>ace  on  the  maps  between 
the  coast  range  and  the  caravan  route  from  Faizabad  to  Lar.  So  that 
it  will  he  seen  that  there  is  a  great  deal  to  which  a  young  geographer 
might  devote  bis  energies  in  Persia.  The  same  may  be  said  of  Balu- 
chistan, where,  between  Kharan  and  the  Mekrau  coast,  except  along 
the  old  Kafilah  route  from  Lus-Bela  to  Panjgur  (which  was  traversed 
by  Sir  R.  Sandeman  in  1890),  the  map  is  almost  a  blank. 

Parts  of  Afghanistan  are  very  dangerous  for  Europeans  to  be 
employed  in,  and  our  knowledge  of  the  mountain  ranges  between 
Kabul  and  Herat,  which  are  occupied  by  tiie  flazara  and  other  tribes, 
is  most  ioade<]nate.  Ourignorance  of  Kafirislan  is  complete.  Westill 
know  nothing  whatever  of  that  int-eresting  country,  and  its  explora- 
tion is  very  desirable.  Officers  have  been  on  its  frontier — Col.  Tanner 
ou  the  side  of  the  Kunar  River,  my  old  friend.  Sir  William  Lockhart, 
on  tbe  north,  and  the  late  Mr.  McNair  from  the  side  of  Chitral.  But 
tbe  country  itself,  from  the  passes  of  the  Hindu  Kush  to  tbe  banks  of 
the  Kunar,  is  unknown.  Its  exploration  is  one  of  the  great  geograph- 
ical achievements  that  remain  to  be  done  in  Asia.  The  results  would 
be  important  trath  from  a  imlilicid,  a  geographical,  and  ]>nssibly  a  com- 
mercial point  of  view,  and  there  could  be  few  nobler  ambitions  for  a 
young  aspirant  than  to  be  tbe  first  exploi-er  of  Kaliristan.  In  south- 
ern Afghanistan  mucii  also  remains  to  be  done,  as,  for  instance,  iutlie 
tracts  to  the  west  of  the  Itritisli  fnniticr,  between  the  Zhob  and  Kur- 
ram  valleys. 

The  Pamir  table-land  has  t>e4^n  largely  explored  by  several  Kuroi>eau 
travelers;  but  there  is  plenty  of  room  for  further  work,  and  a  sys- 
tematic survey  of  the  whole  region  would  be  a  valuable  contribution  to 
geography.  Farther  to  the  east  the  plains  of  Turkistaii  liave  been 
elaborately  explored,  and  arc  sufficiently  well  known.  The  mountains 
and  hills  to  the  so'  '  being  spurs  from  the  Mustagh-Hima- 

layau  ranges,  are  ^ly  understood.    It  Is  doubtful,  for 
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instance,  whether  the  Tarkand  River,  which  rises  in  those  ranges,  flows 
Bome  distance  westward  before  it  enters  the  plain,  or  whether  it  breaks 
through  the  mountains  30  or  40  miles  to  the  east  aud  proceeds  direct 
to  Tarkand.  A  fairly  aceuratesarvey  of  the  northern  slopes  of  the 
Hinialayan  Ranges  and  the  adjoiniog  portions  of  eastern  Tnrkistao  is 
much  Deeded,  although  a  great  deal  of  good  work  has  quite  recently  been 
executed  in  the  loftier  parts  of  those  ranges. 

The  recent  journey  of  Mr.  Conway  among  the  glaciers  and  higher 
passes  of  the  Mustagh- Himalayas  is  an  example  of  what  the  courage 
and  skill  of  an  able  private  explorer  may  do  under  the  most  difficult 
circumstances.  Starting  from  Hunza  and  Nagar,  he  surveyed  a  eon- 
aiderable  area  of  country  at  great  attitudes,  and  he  has  been  able  to 
correct  and  add  to  the  survey  of  this  region,  which  was  executed  by 
Col,  Godwin  Aasten.  Fellows  of  the  society  have  already  listened  to 
Mr.  (]onway's  graphic  narratives,  aud  before  long  bis  painstaking  and 
minutely  accurate  map  of  one  of  the  most  remarkable  portions  of  the 
Himalayan  glacier  region  will  be  iu  your  hands.  In  the  same  region, 
but  still  farther  north,  officers  of  the  Indian  Survey  aie  pushing  their 
observations,  and  we  may  hope  in  due  time  to  be  ftimistied  with  the 
results.  Another  surveyor,  Mr.  Senior,  has  done  much  valuable  work 
under  circumstances  of  unusual  difficulty,  among  the  higher  ranges  of 
Kula  and  Lahaul.  His  merits  have  been  recognized  by  oar  council, 
and  he  has  been  awarded  our  Murchison  Grant. 

'Farther  tx>  the  east,  along  the  Himalayan  chains,  the  kingdom  of 
Nepal  covers  a  tract  of  country  about  500  miles  long  and  100  miles 
broad,  lying  between  the  crests  of  the  mountains  and  the  British  fron- 
tier. This  is  still  almost  a  blank  upon  oar  maps.  Europeans,  except 
a  few  officers  at  the  capital,  are  debarred  by  treaty  from  entering  Nepal 
so  that  the  country  is  very  imperfectly  known.  The  passes  from  Nepal 
into  Tibet  have  a  special  interest  for  us,  because  the  only  great  army 
that  has  invaded  India  since  the  commencement  of  British  rule  in 
Beugal  marched  through  one  of  them,  the  Kirong  Pass,  and  so 
descended  from  the  valley  of  the  Tsanpo  into  Nepal.  It  has  never,  I 
believe,  been  visited  by  any  European. 

Lhasa,  the  capital  of  Tibet,  has  never  been  visited  by  any  English- 
man since  the  days  of  Manning.  There  is  also  a  vast  and  wholly  unex- 
plored region  of  Tibet  on  the  northwest,  between  the  parallels  of  34° 
and  36°  and  the  meridians  of  82*^  and  90°.  It  lies  between  the  explo- 
rations of  Oapt.  Bower  on  the  south  side  and  those  of  Col.  Pevtsof  and 
M.  Bogdanovich  on  the  north.  In  soathwest  Tibet  there  are  also  great 
belts  of  unknown  country  between  the  routes  of  Pundit  Nain  Sing  from 
Ladak  to  Lhasa,  and  his  route  along  the  upper  course  of  the  Yaro- 
Tsanpo  River;  also  between  that  river  and  the  crestsof  the  Himalayan 
rouges,  which  form  the  border  of  Western  Nepal.  The  course  of  the 
Tsanpo  and  the  adjoining  country  on  both  banks  are  well  known  as  far 
as  the  meridian  of  93°,  and  fairly  welt,  but  with  some  uncertainty,  to 
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M-  ]<• .  lint  imm  tiiat  }M>iin  d<r«ni  to  t&- entrutre  mt-thr  Afrwam  Va] 
1«^'.  uuiJ«-tlM-iiaBK  of  tlH- l>Ui«nif:  i^vei.  rt  if-  viiull;'  nnkiMivn.  Sf> 
aiM>  if-  Uh-  wuum-  eBiBtwurd  iq>  !(■  ili<-  DMn-iduu  «>rfr~ — a  regrum  whirb 
R  ifTwiMUiy  tutr  lueiu  <if  tlit^  TTtltutarK^  »i  tlie  Tfiboitir  Kiver.  irlw-li 
iitmf  iiiu<  tlM-  LuUii  }inuiiiui|Miixb  u  if*  aiii**-  ulNtvt-  tlM-  jfoint  'wltinv 
tiMr  lattvi  riv«i  ioiuo  tbc  IMliuiif  ur  Thiujmi. 

TIm-  imstt  nven>  uT  tMnitrul  uiid  «itmeni  Tiirei — tiK-  Giam»-^D-Clia. 
tlH-  IdUJlMUi.  aud  tl»e  Iti-Cbo — itrt  fiurly  vt^ll  feuowu  iii  larGR:  but  tben- 
are  etiufsicltfrnltie  ]*<irU»ii^  itf  tltt^  firsi  rivei.  m(irt- jisrTicalarly.  wliicli 
ih<mI  lurtber  «xpiuTiittnsi.  TUert- h- ftntKidtTubk' ODaertjiiirty  vbetlter. 
UeJiiv  wbei^  tlicre  ii>  n  fcrri-  on  tl*f  road  from  Ihi.m]  !«  Kinuu  lit* 
Giiuiui  ^u-Cliii  Uttvt-  Mmtliward  m-  tlie  midtx^  ol  tbt-  SaJwiiu  <ir  mtntb- 
wMttward  utd  it>  iIm-  pmi(.-i]ml  mioirf  of  tlit-  ImwadL  Tbi£  is  a  «*eo 
|Eni)(bicaJ  pnibleiii  i>l  itth^I  iiiTeresi-  and  offtirK  a  fijiletHUd  <^jMiir- 
tnuity  for  tuiibitioi»>  Tuimg  4-}:]iloTfj>- 14>  win  Hieir  S]Hir&.  This  wIk^ 
rt^iiiu  i»l  tiomjiiit^UHl  mouiitaiu  aud  river  Rvt«»'m&.  which  tniU  «<iu<iea]F 
tbf  wntmut:  of  iltt-  jrrcat  BuraH44t-  Areanth.  nr^utlv  Mklte  fw  ImM  sikI 
bardr  expldrerp  t<'  ditwiiiaiiple  it.  It  w  ttit-  ttorderland  <»f  wvenJ 
raceb.  mostly  bntkeu  u)>  iiii4>  miQut^  trtltal  dinsinitK.  which  prenent  tl>e 
name  tuteresi  to  tiw  aiiiim>]tail<^iRt  af.  tlieii-  (-(iiuitry  d«teti  to  tli*  gt<tgT»- 
Hher. 

Iti  Bttmia  itMi-lf  mnrL  iufonnatinD  i^  Kiill  iie^dRd  u>  omnpkttf*  our 
knowled^  iif  im  pwtpTwjihy;  bm  ibif  dt^iderumm  it;  Iwing  RyBt^-m- 
ati«aD.T  atlendt^  «>  liy  tbf  Indiuu  ftnrvey  lif'^iuTTmeut.  In  Saum  Jlr. 
Mdt'artby  hae  rwHnilly  wnistni<i«i  a  mai>.  and  rite  trad*-  routes  between 
Chi<^n{>  Mai  and  tbf  rp]«r  Mcknitf;  likvc  l<t«ii  tmrcToed  by  H<dt  Hal- 
letl,  <.'arl  I>o(-.li.  Anther,  and  oiherN,  Bm  the  re-jriao  lyiiipto  tie  sadUi, 
beTwt^.ii  thf  Wfiiatn  Vallt'y  and  tlit-  Icwcr  Mfkimp.  ip  ahiioet  aokDowii 
to  Eiiprlifibmen.  A  tJiortHifrb  »c()iiMiiitanc4>  with  liie  <Knmtry  oii  the. 
westwT)  side  of  \hv  >l<>k<iii^  is  very  dt'siralilo:  Knch  ai^  the  <>je- Mekong 
partfi  of  l.iianc  rritlnmg  and  of  San.  and  tlif  parts  iottMided  to  be 
ii)>entM]  up  by  the  pniiocKil  railway  from  Bait<rki>k  to  Kra-aL  I  may 
here  mentioD  thai  a  vahial)le  nttninnnirMnon  ha^.iast  been  received 
from  Idr.  H.  Wavbiirlnn  Stnxlh.  drscril'ing  Ins  voyjyre  np  the  Menaiii 
and  hiK.ionrneyMn  IhfnKiiiin4tin.int.e.iuniry  to  tin-  wi-stof  the  Mekong. 
Our  yomip  eoiTcsiiomicnl  is  »  son  ofonr  lormej  ('uneajnie.  the  late  Sir 
■Wannf.1<in  Smuh.  and  a  pTandwon  of  onr  ri-psidinit  Admiral  Smyth, 
Ut  whom  tlie  ft(KMot.\  nwi-s  s.i  nuirh,  and  was  one  of  onr  seven  ibmidei-s. 
Mr.  ■Wnrinpliin  Sni,\ili'»  n«1^HIl^■e  is  of  pwijrrapliica]  vahie  atid  is 
channinply  wriiicn,  and  il  is  plo^isniil  to  limi  that  in  this  iusta^ioe  thv 
geoprapliiojil  manilc  of  ni)  disitnpii-^lH'*!  pn-dwossor  has  so  worthily 
dew«ndt^  on  Ins  ^landsmi.  In  ilic  WhUiv  Pcninsnla  there  is  als<> 
mut-h  Ut  be  donr;  and  Mi.  I.akp  luc  just  br.»ij;lil  liome  aome  ^ood  Siir 
veying  workofjire  'Lutil  i-onnliA  mlliererrirory  of  .lohorc. 

But  we  have  t4i  ill  'i  oi   Mr.  Ilcilier,  who  unfortnnately 

lost  his  life  is  a  ri'  n  p^trt  of  the  Malay  Pemninila  jost 
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aft*r  he  Iiad  entered. upon  what  promised  to  be  a  useftil  piece  of  geo- 
grapliical  work. 

Passing  over  the  great  Empire  of  China,  which  has  been  traversed 
ill  numerons  direvtions,  and  the  geography  of  whiub  is  tolerably  well 
understood,  we  come  to  Korea.  In  this  peninsula,  which  until  lately 
had  scarcely  been  visited,  the  pack  roads  between  the  principal  towns 
are  now  pretty  well  known,  but  there  remain  a  number  of  routes  on  the 
western  side,  from  Seoul  down  to  the  south  coast,  and  on  the  east  side 
between  Gensan  and  Fusao,  which  Mr.  Onzrnn  informs  m«  have  either 
not  be«n  traversed  in  modern  timex  or  are  wholly  unexplored.  There 
is  very  ^eat  need  of  a  survey  and  map  of  Korea,  and,  apart  from  the 
pack  roads,  the  mountainous  parts  of  the  country  are  quite  unknown. 
There  is  thus  very  considerable  scope  for  geographical  enterprise  in  tltis 
great  peninsula,  which  may  be  looked  upon  aa  one  of  the  numerous 
allurements  which  the  unknown  parts  of  the  world  present  to  the 
explorer. 

Leaving  the  great  Asiatic  continent,  and  turning  our  attention  to  the 
mass  of  islands  to  the  south,  and  stretching  away  eastward  to  the 
Pacific,  we  shall  find  that  the  most  important  future  work  will  have  to 
be  done  by  the  hydrographer  rather  than  by  the  geographer.  Doubt- 
less there  are  many  unreported  reefs  and  shoals,  and  others  whose 
recorded  positions  reqaire  verification.  Yet  when  we  think  of  the 
splendid  work  of  Mr.  Wallace  in  the  Malay  Archipelago,  and  ot  the 
lonely  residence  of  Mr.  Forbes  on  Timor  Laut,  there  can  be  no  doubt 
that  much  is  also  left  for  the  explorer  to  do  on  land  among  those  lovely 
islands.  Sir  William  Macgregor  will  steadily  proceed  with  the  exam- 
ination of  British  New  Guinea,  and  will  encourage  all  well-conceived 
schemes  of  discovery.  Mr.  Woodford  tells  me  that,  in  his  opinion,  a 
properly  equip{)ed  expedition  would  have  little  difficulty  in  passing 
ftvm  the  headwaters  of  the  Fly  to  those  of  the  Empress  Augusta 
River,  and  so  crossing  New  Guinea  in  its  broadest  part.  Meanwhile 
the  interior  of  Dut<'h  New  Guinea  is  a  complete  blank — another  of  the 
vast  tracts  which  await  discovery.  Here  there  is  an  extensive  range 
marked  on  the  maps  as  the  Charles  Louis  Mountains,  and  attaining  a 
height  of  16,000  feet.  The  particular  exploration  of  this  range  would 
offer  work  for  geograpliers  and  natnrali-sts  for  many  years  to  come. 
Another  interesting  piece  of  work  for  a  yoong  explorer  to  undertake 
would  be  a  definite  solution  of  the  question  whether  a  passage  exists 
right  through  the  supposed  isthmus  from  Maclure  Gulf  to  Geelvink 
Buy,  as  has  been  reported.  More  knowledge  of  the  islands  to  the  north 
of  New  Guinea  is  also  needed,  where  the  natives  present  the  chief 
obstacle  to  exploration.  In  the  Solomon  Islands,  Mr.  Woodford  was 
successful  in  visiting  the  interior  of  Guadalcanal,  but  Bougainville 
Island  is  still  absolutely  virgin  ground,  and  1  am  informed  by  Mr. 
Woodford  that  there  is  a  most  interesting  elevated  coral  lagoon  to  the 
north  of  the  island  of  Kew  Georgia,  which  has  hitherto  been  unde- 
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scribed;  wLiIh  BeODell  and  Bellons  Islands,  to  the  soath  of  the  Solo- 
mon  groap,  are  said  to  be  elevated  about  400  feet  above  tbe  sea,  yet 
exclunively  of  coral  formation.  The  natives  are  FolyneBian,  not  of 
Melanesiaii  race,  and  they  woald  certaiuly  well  repay  a  visit.  Tbe 
wliole  question  of  the  uiiiigliug  of  Polynesian  and  Melauesian  types  on 
these  groups  of  islands  callB  for  careful  investigation,  as  well  as  Airtber 
study  of  tlie  formation  of  coral  reefs.  Mr.  Woodford  suggests  tbat  it 
wonld  be  desirable,  if  funds  cuold  t>e  obtained  for  the  purpose,  to  make 
an  experimental  bore  with  a  diamond  drill  upon  some  island  of  purely 
coral  formation,  situated  in  very  deep  water,  and  as  far  removed  aspos- 
Hible  from  any  high  land.  lie  thinks  one  of  the  islands  of  the  Gilbert 
or  Ellice  groups  wonld  be  suitable  for  the  experiment. 

It  is  unlikely  that  there  are  now  any  undiscovered  islands  in  the 
Pacific,  although  I  well  remember  the  time  when  we  fully  expected  that 
there  mif;ht  be,  and  when  we  were  onlered  to  enter  iu  the  deck  log, 
during  our  watches,  the  visibility  of  distant  objects.  Thus  our  tracks 
ftmnetl  btOts  varying  from  10  to  15  miles  wide,  within  which  no  new 
i>i1iindM  were  to  be  found. 

AuxU-alift  has  now  been  explored  in  its  whole  extent.  The  work  was 
mHU'hfjl  with  the  dee[>est  interest  and  sympathy  by  our  society;  and 
!»*>  U-mt  than  twelve  Australian  explorers  have  received  our  gold  medal. 
'7'iMiialand,  Sew  South  Wales,  Victoria,  and  South  Australia  proper 
'Ati^  tli'^rouifhly  well  known;  but  in  western  Australia  there  are  still 
iM'/f.  miUu-il  tTM;t»  of  the  country  in  the  interior  which  are  nnex- 
(»>/»w|.  Till!  moHt  important  lies  east  of  the  one  hundred  and  twen- 
•-**»(  ifC'ri'lian  and  between  about  21°  and  24°  south.  Mr.  Ernest 
fn'triii:  fit)iiitn  out  tliat  the  imi>ortant  geographical  fact  to  be  deter- 
«.,..**1  hy  nil  i;XHmination  t)f  this  tract  would  be  the  settlement  of  the 
/,'j-**i/(ii  wlK'tlicr  Hlurf  s  Creek  again  reformed,  after  having  been  for  a 
'  ;..*  1/,-t,  Crolmhly  some  patches  of  pastoral  country  and  some  nncon- 
f^f»-A  WMtfrfljaiini'ls  and  saline  swamps  would  also  be  found.  Mr. 
V.t:-t.r  ijiti'i'U-rnWvAt  the  geographical  problem  to  be  worked  out  in 
Au'Iia'w:*,  'luring  the  enxaing  yoars,  is  the  evolution  of  a  last  river 
«>'"•(«,  %\\\ih  will  All  n]i  the  gap  between  the  heads  of  the  west  coast 
iivi-iJi  ;irj'l  i\ii:  l/Hk<-,  Eyre  systt^m.  It  is  not  likely  that  such  a  system 
will  »-xf\  in  aiiyrhing  more  than  a  fragmentary  form,  but  i^rtain  fixed 
(li;iin;iifi!  rnliM  [Kiiuliar  to  that  region  maybe  found  to  exist  which 
w<»itd  di'i"-!  tliR  prcient  notion  tliatthe  creeks  there  run  at  random  to 
iill  jM'iiitM  lit  the  conipaSH.  The  northern  coast  regions  are  now  w^ 
known  »n(l  fairly  well  settled  throughout  by  sheep  farmers;  and  the 
gold  diw^ivi'rii-.t  iti  the  southwest  of  thecontineut  are  extending  inland 
and  may  n-wh  the  unexplored  space,  as  belts  of  auriferous  country  are 
known  to  exiHt  acroHs  t'*"  ">*"""r. 

In  Ni-w  Zealand,  a  ''reshfield  has  recently  pointed  out, 

a  glorious  field  is  opt  ainecr,  for  the  so-called  Southern 

Alps  have  the  gla^iici  forests  of  the  Caucasus,  and  the 
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Qords  and  waterfalls  of  Norway  all  brought  into  close  jnxtaposition. 
Stinwi  by  the  saccess  of  Mr,  Green's  aacest  of  Mount  Cook,  the  young 
New  Zealanders  have  formed  an  Alpine  club,  aniler  the  presidency  of 
Mr.  Harper.  The  proper  line  of  exploration  would  be  to  continue 
establishing  bats  on  both  sides  of  the  range,  so  that  the  relation  and 
divergences  between  the  west  and  the  east  flanks  may  be  fully  investi- 
gated.    Hitherto  the  east  side  has  been  principally  explored. 

Australia  now  has  geographical  societies  of  her  own,  active  atid 
learned  bodies,  which  are  doing  good  work.  It  has  been  suggested  by 
Barou  Sir  Ferd.  von  Mueller,  and  his  idea  has  been  adopted  by  his  col- 
leagues in  Anstralia,  that,  with  the  object  of  establishing  close  affilia- 
tion between  the  parent  society  and  all  the  branches,  our  council  might 
annaally  elaborate  aseries  of  questions  for  transmission  to  oar  colonial 
and  provincial  collef^aes.  Snch  questions  might  refer  to  tidal  obser- 
vations, oceanic  currents,  the  most  important  spote  for  additional  byp- 
eometrical  data,  accurate  determination  of  longitudes,  and  the  settle- 
ment of  new  projects  for  exploration.  I  am  quite  of  opinion  that  this 
suggestion  is  well  worthy  of  the  consideration  of  our  council. 

The  New  World,  including  the  two  continents  of  North  and  Sonth 
America,  has  been  in  process  of  discovery  for  the  last  four  centuries. 
The  nearer  parts  had  to  be  settled  before  the  more  distant  parts  could 
be  explored.  The  whole  of  the  coasts,  iudc^,  have  been  surveyed  with 
more  or  less  completeness,  and  the  U.  H.  Coast  Survey  is  a  monument 
of  rigorous  accaracy.  Bnt  much  of  the  interior  is  still  unknown  or  very 
partially  explored.  This  is  certainly  the  case  in  the  Dominion  of 
Canada,  and  l>r.  George  M,  Dawson  recently  said  that  we  are  far  I'roin 
having  acquired  even  a  good  general  knowledge  of  fertile  lands  with  a 
rigorous  climate  which  will  only  yield  hardy  crops,  although  compara- 
tively little  of  the  region  capable  of  producing  wheat  is  now  altogether 
onknown.  Then  there  arevast  tracts  of  unknown  country  where  possi- 
ble mineral  wealth  would  be  the  only  material  incentive  for  their  explor- 
ation. 

Within  the  Arctic  Circle  there  is  an  unknown  area  covering  0,.'iOO 
square  miles  between  the  eastern  boundary  of  Alaska,  the  Porcupine 
River,aad  the  northern  coast.  Another  area  of  32,000  sqnare  miles  of 
considerable  interest,  and  probably  containing  the  head  waters  of  the 
White  and  Tanana  rivers,  lies  west  of  the  Lewes  and  Yukon,  and 
extendstothe  Alaska  frontier.  There  is  an  unknown  troctof  27,000 
square  miles  between  the  Lewes,  Pelly,  and  Stikine  rivers,  which  lies 
on  the  direct  line  of  the  metalliferous  belt  of  the  Cordillera.  Between 
the  Pelly  and  Mackenzie  rivers  there  are  100,000  unknown  square  miles, 
Including  nearly  600  miles  in  length  of  the  main  range  of  the  Rocky 
Monntains.  Our  back  grant  testimonialist,  the  Abb^Petitot,  has  made 
a  short  journey  into  the  northern  part  of  thi-s  area  from  the  Mackenzie 
River,  but  otherwise  no  published  iuformation  exists  respecting  it. 
Another  Arctic  area,  between  the  <ireat  Bear  Lake  and  the  northern 
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coast,  covering  50,000  Bqaare  miles,  m  alao  unknown,  and  yet  another 
of  3&jtM  square  nilesftonthof  the  Great  Bear  Lake,  except  for  the 
jouFDcya  of  the  Abb6  Petitotand  Mr.  Macfarlaoe.  Farther  south  there 
is  an  unknown  tract  of  81,000  square  miles  between  the  Stikine  and 
Liard  rivers  to  the  north  and  the  Skeena  and  Peace  rivers  to  the  south, 
and  another  of  7,500  square  miles  between  the  Peace,  Athabasca,  and 
Loon  rivers.  An  unexplored  area  south  of  tbe  Athabasca  Lake  is 
35,000  square  uiiles  in  extent. 

Turning  again  to  the  Arctic  regions,  tliere  is  an  area  of  7,500  square 
miles  east  of  tbe  Coppermine  and  westof  Bathurst  Inlet,  and  another  of 
31,D00  square  miles  between  tbe  Back  River  and  tbe  Arctic  coast.  I 
qaote  Dr.  Dawson's  figures,  but  I  do  not  forget  the  work  that  bas  been 
done  by  Mr.  Warburton  Pike  from  the  love  of  adventure,  sometimes 
livingou  cariboo,  at  others  on  musk  oxeu,  at  others  on  caches  formed 
when  game  was  abundant,  and  at  others  sutferiug  from  starvation. 
With  no  companions,  save  a  few  Indians,  he  has  crossed  and  re-crossed 
tbe  buren  lands  of  Amerfua.  We  next  come  to  tbe  vast  unknown  tract 
of  178,000  square  miles  between  the  Back  River  and  the  west  coast  of 
Hudson  Bay,  part  of  which  was  wandered  over  but  not  mapped  or 
explored  by  Hearne  ill  1869-1872,  and  I  believe  it  has  also  been  traversed 
by  Mr.  Pike.  There  are  smaller  unknown  areas  to  the  south  of  Hudson 
Bay,  while  the  whole  interior  of  Labrador,  covering  280,000  squaremiles, 
is  entirely  unknown  beyond  tbe  short  routes  of  Prof.  Hind,  Mr.  Low  and 
Mr.  Holme,  and  Pcro  Lacasse.  This  tract  is  believed  to  be  more  or  less 
wooiled,  and  in  some  parts  with  timber  of  large  growth,  bat  the  prac- 
tical utility  of  its  future  exploration  will  probably  be  <lerived  from  its 
metalliferous  ores.  Dr.  Dawson  sums  up  his  enumeration  of  unknown 
areas  with  the  calculation  ttiat  out  of  tbe  3,470,287  square  miles  which 
form  the  area  of  the  Domininn  of  Cauadn,  954,000  square  miles,  at  the 
very  least,  are  entirety  unknown.  In  looking  forward  to  the  future 
examination  of  these  areas,  Dr.  Dawson  remarks  that  the  explorers 
should  be  possessed  of  scientific  training  and  be  able  to  make  intelligent 
and  accurate  observations.  The  work  of  Mr.  Green  and  Mr.  Topham 
in  the  Selkirk  range  of  British  Columbia  has  beeu  excellent,  and  it  bas 
brought  t«  our  notice  a  region  of  the  greatest  orographic  and  geological 
interest,  part  of  which  is  still  unmapped  and  nnvisited. 

In  tbe  United  States  thereismucb  that  remains  to  be  done  in  Alaska, 
although  tbe  labors  of  Mr.  Fred.  Whymper,  Seton-Karr,  Topham,  Nel- 
son, and  Ogilvie  have  thrown  light  on  the  alpine  regions  with  their 
extensive  glaciers,  which  cnlmiuateat  Mount  St.  Eliasandon  the  basin 
of  the  Yukon,  In  the  vast  territory  of  the  Union  itself  surveying  work 
of  a  more  exact  and  rigorous  character  is  making  pi-ogress,  and  the 
admirable  coast  survey  from  the  Bay  of  Fundy  to  tbe  mouth  of  the 
liio  Grande  on  the- east  side  and  from  the  Strait  of  Juan  de  Fuca  to 
San  Diego  on  the  Pacific  side  is  complett^.  Its  merits  were  cordially 
recognized  by  this  society  when  our  gold  medal  was  conferred  upon 
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Prof.  BiMhe  ia  1858.  Inland  topograpliy  howevs  owes  most  to  tLe 
geologists,  for  Powell  iu  the  Rocky  Moutitaios  region,  Hayden  !■  Ike 
territories,  and  Clarence  King  on  the  fortieth  parallel  have  been  obliged 
to  make  tlieir  maps  as  they  proceeded  with  their  geological  invetttiga- 
tions.  The  triaogiilation  in  theinterioruf  the  States  was  commenced 
late  and  its  progress  has  been  glow. 

There  is  a  great  deal  of  work  for  an  explorer  in  Central  America, 
where  our  associate,  Mr.  Mandslay,  has  done  so  much  excellent  servicA^ 
and  where  we  are  also  indebted  to  the  researches  of  officers  from 
British  Honduras.  But  it  is  in  South  America  that  the  most  exteu-sive 
unexplored  regions  are  still  awaiting  the  visits  of  scientific  travelers. 
Many  parts  of  the  Columbian  Andes  need  exploration,  as  well  as  the 
basins  of  the  great  rivers  Japura  and  Putumayo  and  some  of  the 
smaller  affluents  of  the  Amazon,  such  as  the  Pastasa,  Morona,  San- 
tiago, Napo,  and  Tigre.  There  is  an  enormous  tract  in  Colombia,  bounded 
by  the  slopes  of  tlie  Andes  on  the  west,  by  the  Orinoco  and  Rio  Negro 
on  the  east,  on  the  north  by  the  Meta,  and  on  the  south  by  the  Uaupes 
and  Japura,  which  in  practically  unknown.  1  have  called  attention  to 
this  region  on  previous  occasions  in  the  hope  that  some  one  would 
undertake  its  exploration.  For  it  was  here  that  the  old  conquerors  of 
the  sixteenth  century,  without  watch  or  compass,  sought  for  El  Dorado. 
Another  unknown  region  lies  letween  Guiana  and  the  Amazon,  while 
the  rivers  Jurus,  Jutay,  and  Tefffe  are  unexplored.  The  a<Imirable  sur- 
vey of  the  great  River  Pnrus  and  its  main  tributary  secured  for  Mr. 
ChaiidlesK  the  gold  medal  of  our  society,  but  many  of  the  afflueuts  of 
the  Beni,  flowing  fh>m  the  Andes  of  Cuzco,  still  require  scientific 
exploration. 

The  mighty  Cordilleras  of  the  Andes  have  only  been  very  partially 
examined.  Prom  Mr.  Whymper's  delightful  bonk,  with  its  superb  illus- 
trations, we  leamt  much  about  the  famous  peaks  of  Ecuador,  and  some 
of  our  ideas  received  correction;  while  the  surveying  labors  of  Mr. 
Wolf  in  the  same  region  have  led  to  the  examinatiou  of  the  little 
known  provinces  between  the  Andes  and  the  Pacific  and  to  the  pro- 
duction of  a  most  valuable  map  of  Ecuador.  In  Peru  the  learned  presi- 
dent of  the  Lima  Geographical  Society,  our  honorary  associate.  Dr. 
Luis  Carranza,  has  admirably  described  the  geography  of  some  of  the 
provinces  of  the  Andes.  Still  there  is  an  undescribed  Andean  region, 
comprised  in  the  iirnvinces  of  Lucanas,  Parinacochas,  Cangallo,  Ayma- 
raes,  and  Cotsbamba,  and  iu  the  coast  valleys  and  deserts  between 
Nasca  and  Lnjes.  Forbes,  Minchiu,  and  Weiner  have  ascended  illi- 
maul  and  Illampu,  but  the  nmuntoius  of  the  coast  range  farther  south 
are  almost  unknown,  and  tlie  great  peaks  of  S^ama  and  Pallahuari 
are  still  unmeasured. 

Indeed,  the  whole  orography  of  western  South  America  is  very  imper- 
fectly understood,  and  would  well  repay  further  scientific  examination. 
The  great  rivers  of  the  Gran  Cbacu,  tlowing  from  the  Bolivian  Andes 
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to  the  Paraguay,  are  still  iocompletely  explored,  especially  the  more 
northern  streams.  Capt.  Page  read  a  most  interestiug  paper  on  the 
subject  at  onr  meeting  on  January  28,  1889.  In  the  discnssion  which 
followed  I  mentioned  that  the  Gran  Ohacu  was  one  of  those  regions  to 
which  geographers  might  point  when  they  were  tauntingly  asked  what 
was  left  for  them  to  discover.  Capt.  Page  has  since  lust  hia  life — a 
martyr  to  science  and  to  duty.  His  work  will  be  taken  np  by  others 
where  he  has  left  it.  The  exploration  of  these  streams,  especially  of 
the  Ctuqcis,  and  the  region  through  wliich  they  pass,  mnst  needs  be 
completed ;  for  some  day  they  will  form  great  Huvial  highways  of  com- 
merce. Farther  south  there  are  tracts  needing  examination,  especially 
along  both  sides  of  the  dividing  line  between  Chile  and  the  Argentine 
Republic,  as  well  as  in  Patagonia.  The  government  of  Neuijuen  is  one 
of  these,  a  region  with  mountain  slopes  covered  with  beech  (Fagva  Ant- 
arctica) and  pine  {Arauearia  Brasiliensig)  forests  and  with  active  vol- 
canoes along  its  summits,  while  its  rocks  abound  in  fossil  shells  and 
wood  and  send  forth  thermal  springs.  The  belief  that  in  this  district 
the  GoUon-cnti  (called  in  its  upper  part  the  Mumini),  flowing  to  the 
Atlantic,  has  its  source  in  the  same  lake  as  the  Bio  Bio,  flowing  to  the 
Pacific,  would  be  an  interesting  point  for  an  explorer  to  clear  up.  I 
r^oice  to  flnd,  from  an  interesting  memorandum  furnished  me  by  Capt. 
Don  Benjamin  Garcia  Aparicio,  uf  tbe  Argentine  corps  of  engineers, 
that  exploration  is  being  zealously  promoted  and  encouraged  by  our 
sister  geographic  society  at  Buenos  Ayres. 

We  have  now  made  a  general  survey  of  the  unexplored  and  nodis- 
covered  ((i7»f«of  our  globe.  Butthe  work  of  geographers  is  by  no  means 
confined  to  tbe  land. 

It  is  nearly  forty  years  since  Manry  published  the  first  edition  of  his 
"  Physical  Geography  of  tlie  Sea."  He  was  the  founder  of  a  new  and 
most  interesting  branch  of  our  science,  which  treats  of  the  ocean  depths, 
of  the  currents  and  teinperatnres  of  the  sea,  of  its  biology,  and  of  tbe 
surface  of  the  ocean  bottoms.  In  1855  this  was  a  new  Held  of  research, 
when  the  Arctic  and  the  Cyelopn  were  running  their  first  lines  of  sound- 
ings across  the  North  Atlantic,  and  when  Brooke  and  Wallich  were 
inventing  the  first  apparatus  for  bringing  up  samples  from  great 
depths.  Since  then,  through  the  labors  of  scientific  officers  of  several 
nationalities,  tbe  gates  of  this  new  field  have  been  opened  wider  and 
wider.  The  result  is  due  to  the  invention  of  improved  appliances  and 
to  the  persevering  work  of  deep-sea  soundings  and  dredgings  as  well 
in  narrow  seas  as  in  the  great  oceans.  This  of  course  is  not  work  for 
individual  explorers,  but  rather  for  the  governments  of  maritime 
nations.  Yet  I  would  urge  upon  theattentiou  of  naval  offlcers,Qf  officers 
of  the  naval  reserve,  and  of  the  mercantile  marine  tliat  they  all  have 
frequent  opportunities  of  adding  to  our  knowledge,  and  of  doing  useful 
work  in  forwarding  the  examinations  of  the  depths  of  the  sea  and  in 
■ontrlbntinj'  "- '-•owledge  of  meteorology. 
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e  mass  of  work  remaiiiH  to  l>c  done  to  suable  us  to  have 
eveii  a  roiigli  and  general  knowledge  of  the  ocean  depths.  Additional 
lines  of  aouudings  are  needed  in  all  directions,  especially  in  the 
Southern  Ocean  and  in  the  central  Pacific,  to  bring  out  their  general 
uonflguratioD.  We  now  have  a  rongh  jilea  of  the  areas  of  greatest 
depths,  the  gi-eatest  of  all  having  been  obtained  oS'the  coast  of  Japan 
by  the  TiMcaroro  in  4,655  fathoms;  but  thesoundingsof  the  OAaiicnj/er 
between  St.  Thomas  and  Bermuda  and  of  the  ^j^ma  in  the  Pacific  come 
very  near  to  it.  The  discovery  of  the  very  greatest  ocean  depth  will  be 
most  interesting,  bnt  it  wouUl  be  still  more  so  to  discover  and  map  the 
sabmarine  ranges  and  peaks  to  vithiu,  say,  500  fathoms  of  the  surface. 
I  remember  that  when  the  Valorous  ran  a  line  of  eoundings  across  the 
North  Atlantic  tu  August,  1875,  we  got  1,860  fathoms  on  one  day,  1,460 
on  the  next,  and  only  6tHI  on  the  next,  bringing  up  pieces  of  black  vol- 
canic stone.  On  the  two  following  d^ys  the  depth  increased  to  1,260 
and  1,485  fathoms.  Here  there  was  <rlearly  either  a  volcanic  peak  or  a 
lidge;  and  wherever  these  are  known  to  occur  I  think  that  it  would  be 
very  desirable  to  explore  the  surrounding  ocean  bed  and  ascertain 
their  extent  and  character.  We  want  also  the  establishment  of  a  more 
complete  study  of  the  system  of  ocean  currents  by  a  very  extensive 
use  of  floats  adapted  to  swim  at  various  depths,  and  also  a  fuller  iuves- 
tigation  of  the  temperature  and  density  of  the  water  surrounding  the 
shores  of  all  the  continents.  The  work  hitherto  <lone  in  the  North  Sea 
and  the  neighboring  Atlantic  is  practically  confined  to  the  summer 
months,  and  a  detailed  examination  at  all  seasons  is  needed.  Such 
work  is  now  being  done  under  the  auspices  of  Profs.  Petterssen,  of 
Sweden,  and  Mohn,  of  Cbristiania,  Kriimmel,  of  Kiel,  and  the  fishery 
board  of  Scotland.  We  also  require  a  determination  of  the  isotherms 
and  isobars  on  land  and  sea  at  all  seasons,  which  will  primarily 
involve  prolonged  observations  in  the  South  Polar  region,  and  a  more 
complete  knowledge  of  the  variation  of  atmospheric  pressure  with 
height,  and  its  Independent  variation  in  different  horizontal  planes. 
Such  an  investigation  embraces  the  whole  question  of  the  use  of  the 
barometer  or  boiling-point  thermometer  in  measuring  heights. 

This  will  conclude  my  enumeration  of  the  geographical  desiderata  in 
the  field.  It  is  a  long  and  formidable  list,  affording  work  for  many 
decades  of  years  to  come.  But.many  of  my  associates  know  very  well, 
and  the  rest  must  now  clearly  understand,  that  it  is  by  no  means  an 
exhaustive  list,  bnt  only  such  an  enumeration  as  our  limited  time  will 
admit  of  our  making,  merely  a  rough  geueral  siirvey  of  the  work  in  the 
field  that  remains  to  be  done. 

Tlie  work  of  explorers  is  co  ordinated  and  rendered  usefhl  in  many 
ways  by  geographical  students,  whose  valuable  labors  desire  equal 
attention  and  encouragement.  There  are  many  geographical  problems 
which  mast  be  solved  as  well  by  the  examination  and  intercomparison 
of  the  work  of  numerous  explorers  in  different  regioDB  as  by^tbe  iwre- 
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f^il  stady  and  application  of  the  achieve  mentis  of  the  devotees  of  onr 
science  in  past  centuries.  Tlie  advance  and  extension  of  geograpliy 
dejKuds  as  much  upon  its  students  and  scholars  as  upon  its  dimcovererH 
and  explorers.  Comparative  geography  i.s  indeed  ouc  of  the  highest 
branches  of  our  science.  By  tdentjfyiug  sites,  comparing  descriptions 
written  long  ago  with  the  actnal  surface  of  the  ground,  and  hy  demon- 
strating the  changes  which  liave  taken  place  within  historical  times,  it 
is  an  indispensable  auxiliary  to  physical  geography.  We  shall,  I  am 
sure,  all  be  glad  to  receive  the  results  of  the  invealigations  of  oar 
Oxford  trarelling  scholar,  Mr.  Grundy,  who  has  compared  the  narrative 
of  Herodotus  with  the'actual  ground  where  the  battle  of  Platn-a  was 
fought.  Comparative  geography  also  enables  us  to  comprehend  the 
gritdnal  evolution  of  our  science  through  the  dis<.toveries  and  lifelong 
studies  of  a  long  series  of  devoted  men  during  a  succession  of  ages. 
Siicli  knowledge  is  of  the  deepest  interest.  We  therefore  welcomed, 
in  18!)!,  Dr.  Schhcht*'r's  ably  reasoned  paper  on  Ptolemy's  topography 
of  eastern  equatorial  Africa,  and  we  shall  lie  glad  to  receive  further 
results  of  his  researches.  Mr.  Ryland's  long  and  careful  bibliographi- 
cal and  mathematical  study  of  Ptolemy  and  his  laborious  corretrtions 
and  veriBcations  have  also  rej^ulted  in  an  important  addition  to  Ptole- 
maic literature. 

The  spirit  in  which  geographical  students  enter  upon  their  researches 
and  the  metbo<ls  they  adopt  have  a  special  interest  at  a  time  when  the 
educational  efforts  of  the  so<riety  justify  the  cx|>ectation  that  their  nmn- 
hers  will  soon  ini-rease.  Dr.  H.  S.  Schlichter,  wlio  has  already  com- 
municated the  ino!*t  interesting  paper  on  Ptolemy's  geography  of 
Africa — to  which  I  have  just  alluded — has  explained  to  me  his  system 
of  investigation,  lie  not  only  uses  history  for  the  solution  of  physical 
phenomena,  but  al.so  resorts  to  physical  facts  and  observations  for 
solving  questions  of  historical  geography.  By  looking  at  the  problem 
under  consideration  in  all  its  iiearings  and  the  various  ways  which 
seem  to  lead  to  its  solution  an  insight  is  obtained  into  the natnreof  the 
questions  we  have  to  deal  with  and  into  the  trustworthiness  of  the 
sourccs<of  our  information.  Such  studies  Iciid  from  one  problem  to 
another.  They  open  up  new  questions  and  lines  of  research,  and  not  only 
connect  physical  and  historical  facts  of  all  times  andagos,  but  also  join 
our  own  minds  and  thoughts  with  those  of  men  who  livetl  and  worked 
centuries  before  us.  Hai'dly  any  branch  of  science  is  of  greater  inter- 
est in  this  respect  than  comparative  geography,  because  wherever  we 
turn  we  discover  links  which  connect  the  development  of  our  race  with 
the  changes  on  the  surface  of  our  planet. 

Dr.  Schlichter  is  now  engagcrl  in  studying  the  desiccation  of  parts  of 
Africa,  and  he  has,  with  great  labor  and  research,  drawn  a  series  of 
sections  across  that  continent.  The  subjects,  in  physical  geography, 
which  offer  themselves  for  the  investigation  of  the  student  are,  indeed, 
as  nur-  ^ey  are  fascinating.    The  process  of  denudation  of 
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emsiaii  antl  <if  tmiiHiwrtation  maybe  studied  aud  compared;  wLile,a8 
Prof.  Lapworth  Uas  pointed  out,  tlie  ntfeiivieis  wliich  nil<;  in  tlie  pro- 
cecB^H  of  uplieaval  and  depression  are  etill  almost  iiutirely  unknown  to 
us.  The  professor's  address,  delivered  at  Kdinbnrgli  lust  year,  on  the 
crests  and  troughs  which  succeed  each  other  on  the  earth's  surface  in 
endless  sequence,  of  every  gra<lation  of  size,  of  every  detrrce  of  com- 
plexily,  offers  much  matter  fur  reflection  to  tlie  student  of  geography. 
The  geolojncal  fold,  as  described  in  Prof.  Lapworth's  address,  should 
receive  the  attention  of  physical  geographers  who  can  take  advantage 
of  their  great  opiwrtuuities  as  explorers  and  as  students,  by  investi- 
gatiug  as  well  the  simple  fold,  often  under  altered  conditions  caused 
by  erosion,  as  the  taugentiid  pressures  and  other  inUnences  that  have 
been  at  work  on  it.  Thus  we  should  combine  with  geologists  in  work- 
ing out  nature's  problems  while  we  study  the  earth's  past  history  in 
order  to  understand  its  present  condition;  for,  although  the  limits 
between  the  sciences  of  geography  and  geology  have  been  clearly 
detined,  the  difference  between  our  studies  consists  rather  in  oor 
Diethods  and  objects  than  in  the  materials  on  which  we  work.  We 
are  therefore  pre)>ared  to  give  a  cordial  welcome  to  Mr.  Oldham's 
pronii»eil  pai>er  on  the  present  condition  of  the  surface  of  Dritish  India, 
as  explained  by  its  former  geological  history. 

If  a  competent  acquaintance  with  geology  is  refjulred  for  an  accom- 
plished geographical  expWrer,  a  knowledge  of  biology  is  equally  desira- 
ble. For  instance,  the  study  of  the  fauna  of  inland  lakes  and  rivers 
has  been  pointed  out  by  Darwin  and  Peschel  as  tini>ortant  in  connec- 
tion with  many  problems  in  physical  geography.  It  is  two  thousand 
years  ago  since  ISratosthenes,  who  presided  over  geographical  science 
at  Alexandria,  drew  scieutifie  conclusions  from  the  fact  that  certain 
shells  were  found  near  the  oasis  of  Jupiter  Aminoii.  It  was  by  the 
study  of  the  fauna  of  largo  lakes  in  Nortli  America  and  in  Asia  that 
their  marine  origin  was  established,  while  we  deduce  the  former  exist- 
ence of  lands  DOW  submerged  from  the  comparison  of  fossil  auimals. 
Plants  have  acted  an  equally  im^mrtant  part,  both  in  efE'ecticg  tiie 
condition  of  the  earth's  surface  and  in  revealing  to  us  its  former  his- 
tory. 

I  anticipate  that  such  investigations  will  occupy  some  of  our  present 
and  future  students  and  explorers  as  they  have  occupied  their  prede- 
cessors; but  they  will,  I  trust,  always  bear  in  mind  that  the  basis  of 
all  geographical  work,  if  it  is  to  be  really  valuable,  is  the  fixing  of 
positions  astronomically.  Accuracy  and  reliability  can  atone  make 
their  work  permanently  useful.  Much  attention  ought  therefore  to 
he  given  to  the  handling  and  ndjiistmeiit  of  instrnments  and  to  their 
improvement.  Experience  in  the  field  often  leads  to  suggestions  which 
bear  fruit  when  theyarecarefully  thought  out.  Thus  there  have  been 
several  forms  of  range-finders  invented  in  recent  years  which  might  be 
used  In  making  rough  surveys.    Both  Sir  George  Airy  and  Mr.  Merri' 
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&eld  have  iDtrodncvd  new  metbods  of  compotioi;  Imutrs,  aod  a  metliod 
of  BcmiiiimwUia,  inreoted  bj  a  ytAtentma.  is  noir  imder  discassioo. 
Dr.  ScUkliter  has  recomneiMled  the  uae  of  an  appanttns  for  photo- 
grapliiiig  moon  and  stars  for  looars  which  u  described  in  the  Notbid- 
ber  number  of  oar  Jovmal,  and  CoL  Stewart  invented  another  appa- 
nttns  for  Bsrveiring  b^  i^totography.  Imiwovetn^ts  are  sore  to  sag- 
gett  themadves  to  inteUif:ent  worfcers.  3laj.  Wattin  has  improved  on 
the  anoxMd.  Se\-eral  attempts  have  been  made  to  improve  the  arti- 
irial  horizon,  iisq.  Vema  has  iuvented  «  coinpass  to  be  usexl  for 
travelling  at  night. 

^Mtt^raithy  now  ot^npies  an  important  plaee  in  relatimi  to  geo|;- 
ra{^;,  and  a  photographic  eam^m  shoold  form  part  of  the  equipment 
ot  all  explorers  eoga^red  in  original  gec^frafdiical  work.  It  is  to  be 
redirected  that  travellershave  not  taken  more  advantage  of  the&eilicies 
atKMiled  by  the  sncie^,  »s  the  use  of  an  instmmeat  sboold  be  thor- 
oogbly  mastered  before  a  traveller  proeeeds  on  a  joomey.  In  pho- 
tcmetry  it  is  neoessaiy  that  ob)ect«  represented  on  the  plate  sboiitd  be 
clear  and  well-defined  to  faalitate  the  taking  of  measnremeots  from 
them;  and  this  has  now  beoome  specially  important  since  the  invention 
of  the  new  method  of  taking  Ianar& 

It  is  in  the  dirertion  of  the  improvement  of  instruments,  caments, 
Mkd  other  appliances  used  by  the  traveller,  and  of  methods  of  obaerviug 
and  oompntiQg,  that  esperieuoed  and  ingenioas  men  should  continae 
to  turn  their  inventive  fitrDities.  Veiy  often  an  im|Htiveinent  occurs 
to  an  observei  while  using  an  instrtiment  in  the  field,  which  after- 
wards, by  following  np  the  train  of  thonght,  leads  to  liie  perfection  of 
a  prartically  a>«ftil  invention.  This  has  been  the  case  ftom  the  days 
of  Martin  Behaim  to  tfaofte  of  Leigh  Smith. 

Many  of  the  rising  generation  of  geographers,  whose  talents  lie  in 
tfcat  diroctioa.  will  also,  it  is  to  be  hoped,  master  the  beantifnl  and 
most  nseful  art  of  the  cartogra^ther,  including  the  work  of  the  compiler 
and  of  the  draftsman.  At  i>re.oent  there  arc  none  too  many  in  this 
eoantry.  When  we  refiect  on  the  csqaisite  specimens  of  Italian  and 
Catalan  portoUmi  which  are  preserved  in  the  British  Mneeun,  and  on 
the  great  geographioAl  interest  Attaching  to  early  exunples  of  cartog- 
raphy, it  is  impossible  not  to  regret  that  we  are  nuable  to  prodnce  an 
atlas  i^acb  as  the  Berlin  ticxigTaphirAl  SocJety  brought  ont  last  year. 
There  are  as  yet  no  adcqiiale  opportunities  in  this  conntay  for  devel- 
oping the  latent  {>owers  of  the  potential  Kretschmers  who  doubtless 
exist  among  our  yonng  English  geographers,  but  1  tmst  that  every 
encouragement  will  he  given  to  those  who,  in  the  fatore.  give  thdr 
atteutJon  to  this  branch  of  onr  work. 

Tnming  onoe  mot-e  to  the  qualifio-Mtions  of  an  explorer,  Mr.  Galton 

"*ed  to  me  that  the  art  of  gengraphipAl  (inscription  is  a  very 

It  is  seldom  that  a  oonnrry  resembles  what  the  visitor 

expect  from  reading  recent  descriptions  of  it.    It  is  not 

t.oogic 
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the  no-cullett  "word  paiiitiDg,"  now  bo  elaborately  employed,  that  con- 
veys tho  most  correct  picture;  but  ratlwr  pithy  epitliets  and  sharp, 
clear  tuuches.  The  old  writers  were  often  ex(^elleiit  in  doing  tliis,  with 
their  forcible  homely  language;  au<I  they  »liouId  be  road  until  some 
echo  of  their  pure  vigorous  style  Iiuh  been  i-aught.  The  necessity 
for  cultivating  the  describing  faculty,  and  for  studying  the  general 
principles  underlying  all  g«04l  description  should  be  inculcated  by 
those  who  train  men  as  geographical  explorers;  for  a  traveller  ia  of  no 
use  if,  when  he  comes  back,  lie  fails  to  i-onvey  to  others  a  correct  idea 
of  what  he  has  seen. 

The  various  subjects  t<»  which  a  geographical  student  or  explorer  can 
give  hisattentionarciasfascinatingantheyareuumerous;  and  whether 
he  devotes  his  talents  to  the  improvement  of  instruments,  or  to  the 
work  of  the  draftsman  and  map-maker,  or  to  the  manifold  phases  of 
physical  geography,  or  to  discovery  iu  distant  lands,  or  to  the  elucida- 
tion and  illustration  of  the  history  and"]>rogre88  of  our  science,  he  will 
alike  be  furthering  and  advancing  oar  objet^ts  and  will  have  a  right  to 
claim  our  assistance  and  our  sympathy. 

We  do  not  invite  geographers  to  enter  ni>on  any  of  these  difficult 
undertakings  without  being  prepared  to  supply  tliem  with  a  suitable 
training,  and  to  give  them  all  the  sympathy  and  encouragement  in  oar 
power.  This  was  not  always  the  case,  I  well  remember  that  a  young 
ofiicer  in  command  of  the  Ilausa  police  force  came  to  me  for  advice, 
just  twenty  years  ago.  He  wanted  to  learn  the  use  of  the  sextant  and 
artificial  horizon.  At  Urst  I  had  no  answer  to  give  him ;  but  afterward 
1  fcmnd  out  that  u  widow  named  Janet  Taylor  gave  the  required  instruc- 
tion in  the  Minorics  to  mates  of  merchant  ships.  It  was  this  dearth  of 
the  means  of  learning  the  work  of  an  explorer  that  forced  my  attention 
on  the  duty  of  finding  a  remetly.  Mrs.  Taylor  was  an  efficient  teacher, 
I  believe,  hut  the  Minories  are  far  off,  and  her  single  efforts  could  not 
supply  what  was  neeiled.  It  was  then  that  I  submitted  proposals  that 
the  society  should  appoint  an  instructor  and  furnish  the  necessary  facil- 
ities for  enabling  explorers  to  leani  their  work.  Our  council  saw  the 
importance  of  supplying  a  great  need,  and  Mr.^oles  was  appointed  to 
instruct  inteuding  travelers  iu  pra<^tical  astronomy  and  surveying.  My 
proposal  included  instruction  in  geology  and  biology,  and  now  arrange- 
ments ace  made  for  teaching  what  an  explorer  would  need  iu  these 
branches  of  knowledge  also,  as  well  as  in  photography.  I  look  upon  this 
as  the  mostsQccessful  measure  that  has  been  adopted  by  this  society  in 
recent  years  and  the  one  which  has  done  most  to  advance  the  interests 
of  geography.  Since  Mr.  Coles  began  to  give  instruction  in  surveying 
and  nautical  astronomy,  he  has  taught  23!)  pupils,  including  officers  in 
the  army  and  navy,  in  the  consular  and  colonial  services,  missionaries, 
civil  engineers,  and  private  travellers.  These  instructed  explorers  ha\'e 
done  valuable  geographical  work  in  all  parts  of  the  world — iu  Africa, 
Asia,  North  and  South  America,  the  Malay  Archipelago  and  Pacific 
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lalandB,  and  in  the  Arctic  rc^^ions.  Of  the  23!)  pupilx,  20  have  studied 
photography,  18  botany,  and  40  geology,  in  additiou  to  snrvDyiug  and 
nautical  astronomy.  It  in  of  the  utmost  importauce  that  explorers 
should  be  thoroughly  trained  for  their  work,  and  their  inatmctiou  is 
consequently  one  of  the  most  indispensable  duties  of  our  society. 

In  this  imperfect  survey  of  our  geographical  f^mderaffd  haveendeav- 
ored  to  draw  the  attention  of  my  associates,  not  only  to  the  extent  of 
unknown  country  to  be  discovered  and  explored,  and  to  the  nnmerona 
problems  aud  questions  of  interest  which  awiut  solution,  bat  also  to 
the  duty  that  is  laid  upon  us — each  one  of  us — to  take  his  share  of  the 
task,  some  by  useful  advice  and  co-operatiou,  some  by  encouragement, 
all  by  a  hearty  determination  to  work  together  for  one  great  end — the 
usefulness  and  prosperity  of  our  society. 


^dbyGoogle 
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By  W.  B.  Blakie. 


The  Habject  on  which  I  am  deputeil  to  address  yon  to-night  is  what, 
in  the  slang  of  the  day,  may  he  described  iw  "a  very  htrge  order," 
Though  the  title  seems  simple  eiionsh,  tiie  subject  itself  is  so  tiirge  and 
it  spreads  and  ramifies  itself  through  so  many  arts  and  sciences,  that 
tlie  temptation  to  go  ofl'  from  the  distinct  line  of  my  snbject  iuto  the 
different  branclies  that  introduce  tliemsclves  is  great,  and  all  these 
branches  are  to  me  so  interesting,  that  1  have  found  great  difScultyin 
confining  myself  strictly  to  the  st^iry  of  bow  a  map  is  made.  1  have 
forced  myself,  however,  to  stay  on  the  center  line  of  map-making,  and 
I  hope,  before  the  evening  is  over,  to  give  you  a  clear  and  distinct  idea 
of  the  principles  on  which  a  map  is  made,  for  the  subject  of  my  paper 
is  not  "How  maps  are  drawn,"  bat  "How  maps  are  made;"  and  1 
will  attempt  t«  show  yon  the  naked  machinery  of  the  process. 

1  have  often  been  amazed  at  the  iropnlar  ipnorance  of  what  would 
seem  to  be  the  very  first  principles  of  geography  and  of  map-making, 
and  this  has  induced  me  to  begin  at  tbe  very  A  B  C  of  the  snbject.  I 
intend  thronghout  this  paper  to  avoid  technical  phrases  and  mathe- 
matical t«nns.  I  have  nothing  new  to  tell  you;  much  that  i  am  about 
to  say  is  known  to  every  person  here  present,  aud  I  ask  you  to  bear 
with  me  if  occasionally  I  seem  childish  in  my  descriptions. 

One  thing  more  1  shonld  like  to  premise,  and  that  is,  that  in  this 
paper  I  do  not  propose  to  go  into  any  great  detail,  or  to  confuse  any- 
one here  with  the  numberless  scientific  corrections  and  modifications 
thatbaveto  be  made  in  all  scientific  calculations.  1  will  si>eak  only 
on  general  principles;  those  who  know  the  science  thonmghly  will 
understand  the  modifications  necessary,  while  those  who  have  not  the 
same  advantage  will,  I  trust,  be  able  to  grasp  the  principles  of  what  is 
shown. 

My  intention  to-night  is  to  show  (1)  how  a  spectator  finds  his  position 
on  tbe  earth's  surface;  (2)  how  he  defines  and  records  that  position; 
(3)  how  he  makes  a  map  from  the  information  he  has  found;  (4)  how  he 
fills  up  the  details  of  that  map;  and.  {'>)  brieHy  to  describe  how  the  map 

'  Keail  at  tiie«tiiigs  of  tbe  Koynl  Scottish  Geo);rapLica1  Society  in  Kiliul'iirgti  nnd 
Glasgow,  April,  1891  IScoitiih  (leusrapliii-ai  MagaHnr,  1R91;  vol.  vii,  [1^.419,4341. 
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80  made  is  drawn  and  printed,  and  iiieideiitally  to  show  tbe  nse  of  tlie 
various  tools  and  instruDieiits  employed  in  these  operations. 

1  assume  that  we  all  ktiow  that  the  eartli  is  (rougtity  speaking}  a 
sphere,  spiDiiiitg  rouod  on  its  axis  ouoe  in  twenty-four  Iinurs.  Now,  it* 
we  take  up  a  sphere,  like  this  ball,  and  mark  a  s)>otoi)  it,  there  is  noth- 
ing whatever  to  define  its  position;  no  north,  no  south;  nothing  to 
guide  us.  One  point  on  tliis  sphere  is  the  same  as  any  other  point, 
until  we  And  some  reference  spot  to  measure  from;  but  we  Iiave  assumed 
that  we  kuow  that  tbe  earth  spins  round  on  its  axis,  and  Jierc  we  at 
once  discover  soinetliing  we  can  measure  from.  The  ends  of  the  axis 
of  the  ball,  which  we  call  the  poles,  are,  we  see,  at  rest  compared  with 
the  rest  of  the  surface  of  the  spinning  ball. 

Now,  this  so-called  polarity  gives  us  at  once  two  points  of  reference. 
Although  no  one  has  ever  been  at  either  of  the  poles,  the  study  of  the 
subject  for  hundreds  of  years  has  proved  their  existenc<(  as  surely  as  if 
the  poles  had  been  visited  and  been  discovered  marked  with  upstand- 
ing posts.  Between  these  two  points,  which  we  call  the  poles,  I  can 
mark  a  point  half-way,  which,  by  spinning  the  ball  in  contact  with  tbe 
pencil,  I  convert  into  a  line  called  the-  equator,  the  equal  divider, 
popularly  (Aeline.  You  will  observe  that  this  middle  line,  this  equator, 
is  also  the  largest  possible  circle  on  this  sphere,  and  it  is  from  this  circle 
that  all  measurements  and  references  north  and  south  are  made.  Wo 
see  on  the  globe  and  on  maps  a  number  of  other  circles  parallel  to  the 
equator  to  the  north  and  south  of  it,  and  drawn  at  equal  distances. 
These  are  called  the  paraUeh  o/ltititnde  (or  wideness),  and  they  mark 
certain  degrees  of  angular  dieerffence  from  tlie  equator. 

Consider  for  a  moment  what  this  means.  In  the  first  conception  of 
them  these  lines  have  no  specific  dist-vnce  apart,  because  they  really 
are  angular  me^isurements,  and  it  is  this  conception  of  them  I  wish  to 
get  bold  of.  A  degree  of  latitude  is  not  necessarily  a  number  of  miles, 
and  until  we  know  the  actual  diameter  of  the  earth  we  can  not  tell  what 
the  length  of  a  degree  is.  It  is  a  proportion  of  the  circumference  of  a 
circle,  a  fractional  measurement  of  it.  We  may  speak  of  a  half,  a  quar- 
ter, of  anything,  but,  until  we  say  what  it  is  a  half  or  a  quarter  of,  the 
phrase  conveys  no  idea  of  magnitude.  It  might  be  half  a  mile,  or  half 
a  kingdom,  or  half  an  inch,  or  half  a  crown.  Similarly,  a  degree  of  a 
circle  means  nothing  so  far  as  length  is  concerned,  until  you  know  the 
size  of  the  circle,  when  you  can  at  once  calculate,  with  the  proper 
mathematical  knowledge,  the  numerical  value  of  adegi'eeattheearth's 
circumference. 

Now,  having  marked  these  lines  on  the  surface  of  the  earth,  we  have 
certain  marks  on  our  globe  to  which  we  can  refer  any  and  every  jioiut. 
It  may  be  said,  •'  Why  mark  these  lines  on  the  niapf  They  do  uot 
exist;  they  are  only  imaginary."  Quite  true !  But  then  the  first  priu- 
tple  of  all  map-making  is  to  begin  with  imaginary  lines,  from  which 

)  measure  the  i>osition  of  every  place  on  that  map;  and  all  suchimag- 
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iiiiiry  lilies  are  ciirefnlly  reconletl,  as  we  eliall  sec  later  on,  so  tbiit  they 
(;aii  be  accurately  laid  down  at  any  innnieiiT  by  those  wlio  kiiow  bow  t« 
Hud  tbeni.  We  find  tlieni  a  great  convenieuoe,  an  absolute  necessity, 
indeed,  ko  we  leave  them  drawn  on  tlie  globe.  Imagine  a  street — any 
street  will  do,  bnt  tor  a  good  analogy  imagine  a  street  built,  like  Moray 
Place,  in  a  circle.  We  can  say,  sjieaking  of,  say,  a  water  plug,  or  any 
point  in  tbat  stieet,  that  it  is  on  tbe  center  line  of  the  street,  or  tbe 
line  of  the  himpiiOHta,  or  so  many  feet  to  one  side  or  either  of  these 
lines.  There  is  no  visibly  marked  center  line  or  line  of  lamp-|>08ts,  but 
it  can  be  filled  up  in  a  moment  by  human  intelligence,  and  if  there  were 
to  be  fret^uent  references  to  tbeni  these  lines  would  be  marked  on  a  plan 
for  constant  use.  Tbe  parallels  of  latitude  are  similar  lines  drawn  for 
conveidence  or  referentre. 

The  circumference  of  the  earth,  like  any  other  circle,  is  divisible  into 
SCO  degrees,  and  we  number  the  parallels  by  the  number  of  degrees  of 
angular  divergence;  only,  instead  of  beginning  at  a  pole  and  going 
right  round,  we,  for  convenience  sake,  begin  at  the  equator  and  then 
number  90  degrees  towai'ds  the  North  Pole  and  !)0  degrees  towards  the 
South  Pole. 

But  one  set  of  reference  lines  is  not  enough ;  we  must  have  another 
set,  and  we  get  them  in  the  meridians  of  lintgitude.  We  draw  these 
through  the  poles  at  right  angles  to  the  oqitator.  They  are  all  "great 
circles;"  tbat  is,  each  circle  is  concentric  with  the  glolje.  The  equator 
being  a  circle,  we  divide  it  as  before  into 3(i0 degrees,  and  the  meridians 
tliroDgh  tbe  points  of  section  from  a  second  systemof  lines  of  reference. 
But,  unlike  the  parallels  of  latitude,  they  are  all  the  same  size.  One  is 
tbe  same  as  another.  How  are  they  to  be  uuniberedT  Go  back  for  a 
moineut  to  Moray  Place,  and  remember  the  lines  we  drew — the  center 
of  tJie  street,  and  tbe  line  of  the  lamp-posts.  How  are  we  to  define  a 
K))ot  on  one  of  these  lines!  They  are  circular,  and  eonse<|uentIy  have 
no  beginning  and  no  end.  What  we  should  do  would  be  to  mark  a  cou- 
venient  si)ot  with  a  flag,  ur  a  jieg,  or  a  stone,  and  say  "  Tbat  is  the 
beginning;  measure  from  tbat." 

This  is  exactly  what  we  must  do  in  longitude.  We  must  mark  a 
starting  line  on  the  earth,  and  call  it  zero;  and  as  all  nations  have  a 
free  choice  they  have  not  chosen  the  same.  We  have  chosen  tbe  meri- 
dian of  (ireenwich,  the  French  that  of  Paris,  the  Americans  Washing- 
ton, and  the  Russians  Pulkova  aud  the  Germans  used  to  use  Ferro; 
but  for  all  Gnglisb  maps,  and  now  for  most  foreign  ones,  the  meridiap 
of  Greenwich  is  the  starting  line,  the  zero  of  longitude, 

Tbe  custom  here  again  is  not  to  reckon  300  degrees  round  tbe  circle, 
but  to  reckon  180  degrees  east  and  180  degreea  west,  We  saw  tbat 
latitude  was  angular  divergence  from  the  equator;  but  what  are  these 
degrees  of  InngitudeT  Look  at  a  ball  spinning  round  opposite  a  candle. 
W'e  assumed  a  knowledge  that  the  earth  spun  round  its  asls  in  tweuty- 
four  hours.     Every  part  of  it  comes  in  turn  opposite  a  heavenly  body 
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{say  the  snu)  once  iii  tweuty-l'our  hours,  just  as  every  part  of  this  ball 
comes  opirasite  the  caodleotice  in  each  revolutioD.  Lougitiide  is,  then, 
angular  divergence  nieasared  by  the  ilifferenee  of  time  iu  comiog  oppo- 
site a  heavenly  body.  As  tlie  circle  ia  divisible  into  300  degrees,  so  tiie 
day,t.e.,  the  revolution  of  the  earth,  is  divisible  into  twenty-four  hours, 
and  one  hour  of  longitude  is  consequently  equal  to  15  degrees.  In 
maps  longitude  is  marked  in  degrees,  while  in  almanacs  the  elements 
given  to  reckon  it  arc  always  written  in  hours,  minutes,  and  seconds. 

Remember  once  more,  that  these  degrees  are  not.leugths  measured 
on  the  surface,  but  are  the  record  of  angular  divergence  from  theinitial 
meridian.  It  is  all  the  more  necessary  to  l)ear  this  in  mind,  because 
the  length  on  the  surface  of  the  earth  of  a  degree  of  longitude  varies 
enormously,  being  greatest  at  the  equator  and  nothing  at  all  at  the 
pole,  difi'cring  thus  from  degrees  of  latitude,  which,  roughly  si>eaking 
and  for  the  purposes  of  this  pai>er,  may  be  considered  equal. 

The  idea  that  latitude  and  longitude  are  the  meiisures  of  angular 
divergence  and  not  absolute  distance  in  miles  or  yards  may  be  easily 
grasped  byfamibar  illustration.  If  you  can  imagine  two  travellers  leav- 
ing Italy  by  road,  the  one  over  the  St.  Gothard  pass  and  the  other 
over  Mount  Ceiiis,  and  two  other  travellers  following  them  by  rait  at 
such  au  interval  of  time  that  they  are  iu  the  railway  tunnels  at  exactly 
the  same  moment  that  the  iiedestrians  attaiu  the  summits  of  the 
passes;  the  pedestrians  on  the  mountain  and  the  railway  traveller  io 
the  tunnel  of  the  St.  Gothard  pass  will  be  in  exactly  the  same  latitude 
and  longitude,  and  so  will  the  travellers  by  the  Mount  Cenis  routes. 
The  pedestrians  however  will  be  about  60  yards  farther  apart  from 
each  other  than  the  railway  travellers.  The  reason  of  this  of  course  is 
that  the  pedestrians  are  fartlu^r  away  from  the  earth's  center,  but  their 
angular  divergence  from  the  eijuator  and  the  earth's  axis  are  precisely 
the  same,  whether  tliey  are  on  the  mountain  or  in  tlie  tuiuiel  5,000 
feet  below. 

Now,  having  defined  latitude  and  longitude  aud  sliown  how  the  lines 
representing  them  are  drawn,  we  must  see  howiu  pnwitice  the  surveyor 
finds  the  latitude  ami  longitude  of  a  place,  and  thereby  begins  his  map. 
The  iHiles,  as  we  saw,  are  llrst  points  to  measure  from,  and  the  equator 
the  half-way  line.  It  is  evident  he  can  not  measure  directly  a  line  from 
pole  to  pole,  find  out  the  half  ami  call  it  the  equator,  and  leave  pegs  at 
each  parallel  in  pa.ssing.  He  must  look  to  things  oubside  the  earth 
itself  IVoni  which  to  reckon,  and  he  gets  such  reference  points  hi  the 
heavenly  Iwdles.  To  his  eye  these  are  situated  in  the  great  vault  of  the 
heavens.  He  sees  them  as  if  on  the  surface  of  a  hollow  globe  continu- 
ally revolving  around  him,  rising  in  the  cast  till  they  reach  their  high- 
est point  above  him,  called  the  culminating  point,  then  setting  in  the 
west.  For  thousands  of  years  astronomers  have  studied  these  bodies, 
and  fixed  their  apparent  positions  in  the  celestial  vault;  and  these 
positions  are  reuonled  with  the  utmost  possible  accuracy  iu  a  book, 
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compiled  by  Goverumetit,  called  tbe  yautival  Almanac,  and,  from  tlio 
practical  information  siveu  there,  tbe  surveyor  fliids  his  positioo.  He 
may  take  the  suu  or  he  may  take  the  stars,  but  the  |>ositioiiR  of  the 
sun  being  aftfet-ted  by  the  uiotion  of  tbe  earth  round  it,  I  propose  to 
take  astiir  t^i  illustrate  my  nest  remarks,  as  its  movements  are  simpler. 

Tbe  pole  of  the  heavens  is  the  end  of  the  axis  of  the  earth  infinitely 
prolonged.  The  intersection  of  the  plane  of  tbe  equator  withtheceles- 
tial  vault  is  called  the  equinoctial,  aud  as  the  augular  divergence  on 
the  surface  of  the  earth  is  measured  in  degrees  from  tbe  eifuator  and 
called  latitude,  so  the  angular  divergence  of  a  heavenly  body  fi-om  the 
equinoctial  is  called  its  declination.  As  the  angular  divergence  fVom 
the  meridian  of  (ireenwich  was  called  longitude,  so  the  divergence  in 
time  from  a  starting  point  in  tbe  heavens  is  called  right  ancengion.  We 
had  to  fix  arbitrarily  the  meridian  of  Greenwich  as  a  starting  line  on 
the  earth.  We  have  also  to  fix  equally  arbitrarily  a  starting  point  in 
the  heavens,  and  that  point  may  be  most  simply  described  as  tbe 
point  in  tbe  heavens  in  which  the  sun  is  in  spring,  when  the  day  and 
night  are  equal. 

Tbe  latitude  of  any  place  on  tbe  earth's  crust  is  equal  to  the  altitude 
of  the  celestial  pole.  You  can  see  this  in  a  moment  if  you  imagine 
yourself  on  tbe  equator  and  look  to  tbe  pole,  marked,  say,  by  the  Pole 
Star.  You  will  see  it  on  the  horizon  and  of  no  altitude  at  all ;  and  at 
tbe  equator  you  have  no  lat  tude,  or  it  is  called  zero;  but,  as  you 
approach  the  pole,  the  Pole  Star  will  gradually  appear  to  rise  higher 
and  higher  until  when  yon  reach  the  North  Pole  it  will  be  directly  over 
yoar  bead,  and  consequently  at  right  angles  to,  or  90  degrees  from  the 
horizon,  and  your  latitude  is  then  also  90  degrees.  But  though  tbe 
Pole  Star  is  very  near  the  North  Pole,  it  does  not  actualy  coincide 
with  it,  aud  we  must  find  some  other  way  of  finding  our  latitude  accu- 
rately. We  get  this  by  taking  the  altitude  of  any  known  star  id  vari- 
ous ways.  I  will  explain  the  simplest  method,  of  which  all  others  are 
only  slight  modifications: 

(1)  Measure  the  meridian  altitude  of  the  star — that  ii^,  its  highest  alti- 
tude above  the  horizou. 

(2)  Deduct  that  altitude  from  90  degrees,  which  gives  its  zenith  di«. 
tance,  or  the  angular  distance  from  a  point  exactly  over  your  head. 

(3)  Add  (or  substract)  the  declination  of  the  star  (found  in  tbe  Nau- 
tical Almanac)  to  tbe  zenith  distance,  and  tbe  result  is  your  latitude. 

I  have  here  a  diagram  showing  bow  the  latitude  of  Edinburgh  would 
be  found  from  the  bright  star  Arcturus,  which*' culminates,"  or  reaches 
its  highest  attitude,  on  our  meridian  a  few  minutes  before  12  to-night. 

I  measure  first  its  altitude,  which  1  find  is  M  degrees.  Deducting 
that  from  90  degress  gives  its  zenith  diatance  ^  36  degrees;  to  that  I 
add  its  declination,  which  I  find  tW)m  the  almanac  is  20  degrees,  and 
tbe  result  is  5G  degrees  ^  the  latitude  of  Edinburgh. 

Longitude  is  a  more  difficult  matter,  and  1  have  no  time  to  go  into 
it  anything  like  fully.     You  will  find  a  beautiful  description  of  it  in 
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HerselieFn  Astronotuy,  tbe  best  by  far  of  all  iwpalar  books  on  tbe  snb- 
ject.  While  latitode  is  absolute,  longitude,  being  dilTereii<^e  in  time, 
is  relative,  for  ttiere  is  no  each  tbitig  au  »bsolate  time;  iind  noon  at 
any  place  is  merely  the  moment  when  tbe  sua  culminates  on  tlie  me- 
ridian. If  tlie  observer  has  a  clock  whose  going  lie  can  dei>end  on, 
and  he  sets  it  to,  and  keeps  it  always  at,  Greenwich  time,  he  knows 
fi'om  that  clock  or  chronometer  what  time  it  is  at  Greenwjch  when  any 
star  comes  to  the  meridian.  If  then  he  can  observe  any  astronomical 
phenomenon,  such  as  the  meridian  passage  of  a  star,  he  has  only  to 
observe  the  difference  of  the  times  recorded  on  the  clock  set  to  Green- 
wich time  and  on  his  local  clock,  and  the  difference  is  the  longitade  in 
time.  This  is  the  principle  on  which  longitudes  ai'e  taken  at  sea, 
where  chronometeTH  can  be  kept  undisturbed,  hut  for  explorers  on  land 
it  is  more  difficult. 

The  moon,  however,  is  a  natural  clock,  very  complicated,  but  still 
readable  to  the  initiated."  It  is  continnally  moving  through  the  stars, 
and  its  angular  distance  from  prominent  stars  is  carefully  computet! 
for  Greenwich,  and  recorded  in  the  XauUcal  Almanac  for  every  hoar  in 
the  year.  The  observer  then  finding  the  moon's  position  by  observa- 
tion, and  recording  its  local  time,  can  find  in  the  A'autical  Almanac 
when  it  had  the  same  position  at  Greenwich,  and  the  differenc4>!  of  the 
times  is  the  measure  of  the  longitude. 

In  old  days,  when  ships  met,  the  first  question  was,  Who  are  you? 
the  next.  What's  your  longitude!  The  invention  of  the  chronometer 
by  Ilarrison  one  hundred  and  twenty  years  ago  has  however  for  sail- 
ors at  least,  vastly  simplified  the  finding  of  longitude  at  sea:  and  I  find 
IVom  inquiry  among  sailors,  that  "lunars"  are  practically  a  lost  ai-t. 
In  illustration,  I  may  state  that  I  find  ft-om  the  Xautical  Almanac  that 
Arcturns  comes  to  the  meridian  of  Greenwich  at  11 :37  to-night.  If  I 
have  aclock  or  chronometer  marking  true  Greenwich  time,  I  sliall  find 
that  this  star  will  come  to  our  meridian  at  twelve  minutes  and  forty 
seconds  later;  the  difference  of  longitude  in  time  is  therefore  twelve 
minutes  and  forty  seconds,  which,  converted  into  angular  measure- 
ment, is  3  degrees  lOj  minutes,  the  longitude  (we.it)  of  Edinburgh. 

Note  here  that  at  stations  differing  only  in  latitude  the  same  star 
comes  to  the  meridian  at  the  same  time,  but  at  different  altitudes.  At 
stations  differing  only  in  longitude  it  comes  to  the  meridian  at  the 
same  altitude,  but  at  diff'ereut  times.  The  instrument  generally  used 
fortaking  altitudes  is  the  sextantf     At  sea,  where  we  have  a  visible 

'  The  Htiident  stioiilil  read  the  beautiful  explanation  aC  lougitude  iu  Bertdiel'§ 
Aitronomy,  section  220  ei  leq, 

till  reading  thia  paper  the  sextant,  artificial  horizon,  theoilolilc,  level,  plane 
table,  and  other  iiiittrunionts  were  all  shonu  and  their  ueesdeaeribed.  These  deacrip- 
tlons  are  omitted  here,  &nd  the  student  is  referred  for  detailed  and  illustrated 
desiTJptioiis  of  these  and  other  in^tnimeiits  to  Prof.  Rnukine's  Afonuat  of  Clnil 
Knginefriag  (Griffin,  Bohn  &.  Co.),  or  Mr.  Usill's  FracUeot  Snrr«yjflf  (Croabj,  Lock- 
wood  &.  Son,  1889). 
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horizon — the  )iiie  where  tlie  sea  meets  tbe  sky — we  measure  allitudea 
from  this  horizon ;  but  on  laud  we  have  no  true  Lorizou,  and  then  we 
use,  what  is  more  accurate,  an  artificial  horizon,  which  is  a  cnp  of 
mercnry  in  which  the  heavenly  body  is  reflected.  Measure  the  augle 
between  the  real  body  in  the  sky  and  its  reflection  in  tbe  mercury,  and 
half  the  angle  is  the  true  altitude. 

Pro/ecf ton.-:— Having  discovered  onr  position  on  the  surface  of  the 
globe,  we  come  to  the  representation  of  it  on  a  flat  sheet  or  map. 

The  Latin  dictionary  tells  us  that  "mappa"  is  a  sheet  or  napkin. 
Now,  fhe  surface  of  the  globe  is  curved,  and  in  a  map  we  have  only  a 
flat  surface  to  represent  it  on,  and  we  shall  for  a  short  while  study  how, 
as  it  is  the  basis  of  all  map-drawing.  The  conventional  representation 
on  a  flat  surface  of  the  curved  surface  of  the  earth  is  called  projection, 
because  in  its  fundamental  idea  it  is  a  picture  of  the  globe  projected  or 
thrown  forward  from  the  eye  on  to  a  flat  sheet;  but  this  idea  of  it  is  so 
confusing  to  the  mind  unaccustomed  to  think  out  such  things  that, 
although  it  is  the  invariable  way  of  describing  it  in  all  text  books,  I 
have  preferred  to  show  yon  three  forms  of  projection  without  assuming 
any  ideal  throwing  of  the  rays  on  to  planes. 

The  first  I  show  is  the  modified  sttreographic  or  cqui-globular  pro- 
jection (Plate  XXII),  invented  by  Philip  de  la  Hire  about  the  end  of  the 
seventeenth  century.  A  simple  way  of  investigating  this  projection  is 
to  fit  an  iron  ring  over  the  center  of  the  globe,  and  stretch  tightly,  from 
the  North  Pole  to  the  South,  India- nibber  bands  that  coincide  with  the 
mei'idiaDH  of  longitude  on  the  globe,  fastening  them  firmly  to  the  ring 
at  the  iKtlcs.  Similarly  stretch  India-rubber  bandsover  the  parallels  of 
latitude,  fastening  them  to  the  ii'on  ring  and  to  the  meridians  where 
they  cross.  While  the  ring  is  kept  on  tbe  globe  these  India-rubber 
bands  show  the  parallels  and  the  meridians  on  the  sphere.  When  the 
ring  is  lifted  off  the  globe  the  India-i  ubber  shrinks  to  a  plane  and  shows 
exactly  the  lines  of  the  stereographic  projection.  This  is  the  projection 
used  in  all  atlases  for  the  world  in  hemispheres,  for  continents,  and  for 
large  surfaces.  It  gives,  indeed,  a  notion  of  rotundity  and  a  general 
idea  of  projection,  but  thecentrali>ortions  are  shrunk  in,  and  the  edges 
are  distorted. 

The  next  projection  to  be  studied  is  MercAtor's.  Mercator  was  a 
Fleming  who  lived  in  the  sixteenth  century.  He  was  almost  an  exact 
contemporary  of  John  Knox.  He  was  a  writer  on  theology  and  geog- 
raphy. Bis  real  name  was  Gerard  Kremer,  which  name,  meaning  mer- 
chant, he  Latinized,  in  accordance  with  the  custom  of  tbe  day,  iutu 
Mereator. 

His  inventiou  is  very  clever.  The  construction  of  it  is  a  little  com- 
plicated, and  is  generally  shirked  in  text  books,  but  the  actual  idea  is 
very  simple,  and  I  have  here  designed  a  piece  of  apparatus  to  illustrate 
exactly  what  1  believe  Mereator  did  when  he  evolved  his  system. 
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Tliougli  1  liave  iiddirei:t  evidence  b)  kIiow  how  Mervatur  nrgueil  oat 
Ijjs  system,  I  have  not  the  least  doubt  that  it  was  somewhat  thus: 

Mercator  was  a  globe- maker,  and  no  donbt  worked  from  the  globe. 
He  stripped  his  gores  olf  the  globe,  forming  a  map  like  this  (Plate  xxi, 
flg.  1),  which  was  uaturally  very  iucouveoioiit,  owing  to  the  hiatuses 
between  the  meridians.  He  was  obliged  to  join  the  gores  alou^  tlieir 
meridians  (Plate  xxi,  flg.  2).  He  then  found  that  he  had  distorted  every- 
thing, and  the  distortion  increased  in  the  higher  latitudes,  owing  to  the 
gores  being  further  apart  towards  the  top  of  the  map.  In  order  to 
restore  a  balance  of  orieiitaMon  (or  the  relative  iwsition  and  direction 
of  places),  as  he  had  distorted  in  longitude,  so  he  had  exactly  in  pro- 
jwrtion  to  distort  in  latitude,  as  shown  in  Plate  xxi,  flg.  3,  a  complete 
Mercator's  map  of  half  the  Northern  Hemisphere,  in  which  yoa  will 
observe  that  the  parallels  are  farther  and  farther  apart  as  the  latitude 
gets  higher. 

As  these  gores  are  not  a  familiar  shape,  I  have  a  square  iiere  which 
will  catch  the  eye  at  ouce  (Plate  xxi.  flg.  Irt),  I  distort  it  first  by  pull- 
ing it  out  horizontally  as  Mercator  did  in  joicing  the  meridians,  and 
it  ceases  to  be  a  square  and  the  orientation  is  changed  (Plate  xxi,  flg. 
2a).  I  then  distort  it  in  height  in  the  same  proportion,  and  it  becomes 
oncemoreasquare  with  thetruoorientatloubnt  larg;er  than  the  original 
square  (Plate  xxi,  fig,  3«).  This  is  exactly  what  we  did  before  with  the 
gores  of  the  globe. 

Every  parallel,  in  Mercator's  projection,  is  a  straight  line,  and  every 
meridian  is  also  a  straight  line.  We  have,  then,  an  excellent  sailing 
line  from  point  to  point.  As  Sir  tieorge  Grove  puts  it  very  neatly 
(though  he  shirks  the  explanation  of  the  projection),  "  The  most  ignor- 
ant sailor  can  lay  down  his  course  without  calculation.  In  fact,  the 
invention  of  this  map  has  been  Justly  called  one  of  the  most  remarka- 
ble and  useful  events  of  the  sixteenth  century;  because  it  enables  com- 
mon, unlearned  jwople  to  do  easily  and  coirectly  what  only  clever, 
learned  people  could  have  done  without  it." 

Mei-caior's  pi-ojection  is  that  used  in  all  nautical  charts  to  this  day, 
because  to  the  sailoi  it  is  Air  more  important  to  know  his  diiection  or 
course  than  his  distance,  wliicli  with  ordinary  nautical  knowledge,  or 
from  nautical  tables  made  for  him,  he  can  easily  calculate,  but  he  needs 
to  see  bis  course. 

In  the  conical  projection  (Plate  xxil,  fig.  ■'3)  we  imagine  a  cone  of  paper 
to  be  rolled  round  the  globe,  touching  it  on  the  middle  line  of  the  map. 
Near  their  line  of  contact  the  map  coincides  very  nearly  with  tiie  globe 
surface,  and  is  fairly  accurate;  but  as  it  gets  farther  away  from  the 
touching  point  the  distortion  grows,  the  jdaces  being  shown  larger  than 
in  reality.  For  comparatively  small  areas,  such  as  for  maps  of  Eng- 
land and  France,  it  is  fairly  accurate,  and  is  the  projection  used  in 
atlases. 

In  the  illustrations  (Plates  XXI,  xxii)we  see  the  same  globe  projected 


I.  Oores  from  tbe  globe. 


a.  The  ^ree  Btrvl^bed  out  hoiizonthUy  Co  meet  In  straJifht  Tertjcal  Una. 


3.  The  map  distorted  vertically  In  saoie  iiroportlcm  a»  hoHiODMltr  So 

Mehcator's  Projection.  i^t^..,     j         ^ 
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on  tlie  same  scule,  but  witli  very  iliflerent  ])ri)|H)rtioti8.  Tbeee  tliree 
projections  are  tyiiical  ones  aud  the  most  a)Uimonly  used,  but  tliere  are 
many  others.  Fur  tlio»e  desiroiia  of  Btadyiii^  tbe  Bubjei-t  the  best 
work  on  it  I  kuow  is  tbe  article  by  Mr.  Taylor,  in  tbe  June  iiunil>er  of 
tbe  Scottish  Oeographical  Magazine  of  189(1,  nail  to  tliat  article  I  refer 
tliem. 

Mapmdking. — We  bave  now  seen  how  tlie  ti^aveller  finds  liis  place 
on  tbe  globe's  snrfaire,  and  bow,  wben  found,  he  can  project  or  map  that 
information  on  a  flat  sbeet.  We  shall  now  see  bow  a  map  will  grow. 
Imagine  a  ship  saibng  into  unexplored  seas  and  coming  to  some 
land,  say  an  island.  Tbe  navigator  at  once  fixes  bis  position  in  the 
ship  in  latitude  and  longtitude.  Tbe  navigat<jr's  instruments  aro  tbe 
sextant,  the  chrouometsr,  and  the  mariner's  compass.  The  general 
idea  of  tbe  mariner's  compass  is  that  it  always  points  to  the.  north ; 
but  accurately  this  is  not  so.  The  general  direction  of  the  compass,  or 
the  magnetic  pole,  is  not  the  true  north,  but  a  spot  very  considerably 
to  the  west  of  it,  and,  in  fact,  shifts  vontiunally;  not  only  in  different 
places,  but  even  in  tbe  same  place,  the  direction  changes  from  time  to 
time,  as  there  are  many  local  causes  of  disturbance.  The  navigator, 
then,  to  flx  true  north,  must  find  his  meridian — that  is,  be  must 
observe  the  direction  of  a  star  or  the  suu  when  it  culmiimtes  or  comes 
to  the  meridian,  and  from  this  observation  he  computes  the  amount  of 
local  variation  of  the  compass.  In  practice  it  is  not  the  moment  of 
culmination  be  actually  observes,  but  the  statement  is  accurate  enough 
for  the  purpose  of  this  popular  description.  Knowing  tbe  variation  of 
tbe  compass,  he  can  then  take  accurate  bearings  or  directions  to  any 
feature  be  desires  to  record.  Two  or  more  such  bearings  to  (say)  a 
mountain,  crossing  each  other  from  dili'erei>t  known  places,  fix  its  posi- 
tion on  the  map. 

The  navigator. — We  can  now  show  bow  a  country  is  mapped.  Sup- 
pose a  ship  visits  this  island,'  and  fixes,  by  the  ways  already  indicated, 
a  few  latitudes  and  longitudes,  and  sails  i-ound  it,  fixing  here  and  there 
points  on  tbe  coast,  and  perhaps  taking  bearings  of  some  mountain, 
then  the  island  would  be  represented  in  an  atlas  with  several  points 
fixed  and  joined  by  dotted  lines.  Nautical"  surveying  is  always  done 
with  the  sextant,  which  measures  both  vertical  angles  and  horizontal. 

Explorer. — Following  in  the  wake  of  the  sailor  comes  theexplorcr.  I 
bad  intended,  when  I  first  sketched  out  this  paper,  to  give  an  imaginary 
explorer's  map  of  a  journey  across  this  island,  but  I  have  the  privilege 
of  showing  you  something  so  infinitely  precious  that  I  feel  it  would  be 
a  piece  of  bathos  to  concoct  a  sham  map.  Here  I  have  two  of  I>r.  Liv- 
ingstone's own  original  manuscript  maps,  made  on  his  last  Journey, 
kindly  lent  me  for  to-night  by  bis  daughter,  Mrs.  A.  L.  Bruce.  Here 
we  have  no  conjectures  as  to  what  tbe  traveller  might  do;  here  are  the 
real  power,  the  actual  materials  of  geography.  lustead  of  imagining 
what  an  explorer  should  take  with  him,  I  may  mention  Livingstone's 
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actual  eqnipmeiit:  A  6-iiicl]  sextant,  an  artiAcial  lioriznn,  a  pocket 
chronometer,  a  prismatic  cotupaKS,  uad  n  pocket  compass;  two  boiling- 
point  thermometers  and  twocommon  tberniometers;  aneroid  barometer, 
a  Xautieal  A  Imanac,  and  a  book  of  mathematical  tables. 

The  Bextant,  as  we  have  seen,  is  for  taking  astronomical  as  well  as 
tenestrial  angles;  the  thermometer  and  barometer  for  taking  lieigbtB. 
Tbe  principle  on  which  the  latter  are  calcnlated  is  the  pressure  of  the 
atmosphere.  Tbe  aneroid  everybody  knows;  tbe  boiling-point  ther 
mometeris  couBidered  better  and  more  accurate,  though  I  observe  from 
Livingstone's  notes,  who  was  the  most  painstaking  and  thorough  ob- 
server, and  whoalwaysobBerved  with  both,  tttat  there  was  littleprac- 
tical  difference  in  the  readings.  R^mghly  s]>eaking,  water  boils  atsea- 
level  at  212°F.,  and  the  barometer  stands  at  30  incbe.s  while  at  5,000 
feet  altitude  water  boilx  at  202*6°,  and  the  barometer  falls  to2<i-7 
inches. 

The  traveller  in  unexplored  part.s  generally  estimates  bi.s  distances 
from  the  time  taken  at  the  average  rate  of  marching,  Just  as  on  board 
ship  distances  covered  are  roughly  taken  from  tbe  average  rate  of  the 
ship  indicated  by  the  log.  He  takes  compass  bearings  as  be  goes,  and 
keeps  an  itinerary,  recording  all  useful  information  gathered  on  the 
march.  He  corrects  his  reckoning  by  taking  daily  latitude-s,  and  at 
greater  intervals,  say  once  a  fortnight,  longitudes  from  moon  observa- 
tions if  he  can.  He  notes  heights,  gets  reports  from  natives  of  esti- 
mated distances,  and  in  fact  gathers  all  the  information  he  can  on  every 
subject — rainfall,  botany,  zoology,  anthropology,  and  so  forth.  Liviug- 
Htoue  did  all  these,  and  did  them  thoroughly.  A  whole  lecture  could 
be  written  on  these  maps  I  hold  in  my  hand.     Here  is  one  of  his  notes: 

"Eight  days  up  this  river  96  miles,  then  cross  and  go  three  days,  say 
3C  miles,  to  st^ne  houses  132  miles — i-flurse  southwest  Lobubi,  comes  to 
■lortbeast,  has  dark  water." 

A  traveller  with  his  wits  about  him  can  do  much  with  very  rough 
instruments,  or  even  with  noneai  all.  Hecau  train  himself  to  use  his 
fingers  for  rough  angular  measurements,  and  be  can  improvise  in  many 
ways.  My  own  <)hl  chief,  tbe  late  Col.  W.  B.  Uolmes,  E.  E.,  used  to 
make  wonderful  surveys  with  his  watch  alone. 

One  great  geographical  problem — where  doesthe  huge  river  Sangpo, 
which  flows  in  Tibet  at  tlie  back  of  the  Himalaya,  discharge  its  waters f — 
was  solved  by  a  native  surveyor,  A.  K.,  sent  out  by  the Qoveniment of 
India,  who  was  obliged  to  conceal  all  his  observations.  I  quote  from 
tlie  official  account: 

"For  linear  measurement  A.  K.  trusted  entirely  to  his  own  pace  or 
step,  which,  as  hereafter  shown,  is  convertible  into  the  unit  of  a  foot, 
or  any  other  unit  desired;  and  notwithstandingthatin  Mongolia  he  was 
looked  down  upon  as  n  particularly  inferior  individual,  because,  unlike 
the  Mongols,  he  persisted  in  walking  instead  of  following  the  universal 
custom  of  the  country,  which  enjoins  riding  a  horse  cm  all  possible  occa> 
sions,  he  yet  manfully  strode  along  bis  travels,  pleading  poverty,  or 
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otherwise,  until  at  last,  oti  bis  return  journey  alon^  the  eastern  flank  of 
his  route,  the  Lama  with  whom  he  had  taken  service  insisted  on  his 
riding,  it  only  to  promote  tiigbt  from  robbers,  especially  the  mounted 
bauds  of  Chhiuio-Goloks,  of  whom  travellers  are  in  constant  dreiid. 
Thus  compelled,  A.  K.  mounted  a  horse,  but  here  also  he  proved  equal 
to  the  occasion,  for  he  at  once  set  to  work  counting  the  beast's  paces  as 
indicated  by  bis  stepping  with  the  right  foreleg.  In  this  way  be  reck- 
oned bis  distances  for  nearly  230  miles,  between  B^rongObaidam  (lati- 
tude 36°  5',  longitude  01°  3'),  and  Thuden  Gomba  (latitude  330  17', 
longitude  96°  43'),  and  the  results  do  credit  alike  to  the  explorer's 
ingenuity  and  to  the  horse's  equability  of  pace." 

An  account  of  his  journey  will  be  found  in  the  Scottish  Geographical 
Magazine  for  1885,  p.  352. 

After  the  explorer  comes  the  surveyor.  Bis  busiuess  is  to  produce  a 
detailed  survey  or  map  of  the  country.  The  operations  of  a  cadastral" 
"  survey  on  a  grand  scale,  generally  made  by  the  Government,  are  divided 
iuto  two  parts:  (1)  the  great  triangular  survey,  and  (2)  the  topograph- 
ical part,  or  the  filling  in  of  the  details  required  for  civil  information. 

Before  we  go  further  we  should  gain  a  thorough  idea  of  the  principles 
of  triangulation,  because  on  it  are  founded  all  the  conditions  of  an  accu- 
rate map.  The  great  property  of  a  triangle  is  this,  that  of  all  plane 
geometrical  figures  it  is  the  only  one  of  which  the  form  cannot  be 
altored  if  the  sides  remain  constant,  and  that  the  three  angles  of  a  tri- 
angle are  together  equal  to  two  right  angles,  so  that  if  we  know  two  of 
the  angles  of  any  triangle  we  can  at  once  calculate  the  third  angle  by 
subtracting  the  number  of  degrees  in  the  two  known  angles  from  180 
degrees,  which  is  the  sum  of  two  right  angles.  If  also  we  know  the 
length  of  one  of  the  sides  of  the  triangle  as  well  as  the  number  of 
degrees  in  the  angles,  a  very  simple  mathematical  formula  enables  us 
to  calculate  the  length  of  the  other  sides. 

Now  this  isexiictly  whatis  done  in  the  great  trigonometrical  snrvey 
made  in  this  country  by  the  Ordnance  Snrvey:  The  surveyor  measures 
what  is  called  a  base  line.  lie  puri>osely  selects  an  absolutely  horizon- 
tal plane  otherwise  conveniently  situiited  for  the  purpose  of  measure- 
ment. The  base  line  is  seldom  more  than  5  or  6  miles  long,  but  it  is 
measuretl  with  "every  refinementwhichingenuitycan devise orexpense 
command."  In  the  Ordnance  Survey  of  the  British  Isles — to  give  an 
idea  of  the  care  with  which  such  base  lines  are  measured — the  original 
base  line,  which  wason  Hounslow  Heath,  was  measured  in  1791,  first  with 
a  steel  chain,  then  with  deal  rods,  next  glass  tubes,  and  lastly,  again 
with  the  chain;  and  was  over  5  miles  long.  Another  line  was  subse- 
quently measured  7  miles  long,  on  Salisbury  Plain,  in  1794,  which  is 
the  base  of  the  existing  triahgulation.    The  verification  line  at  Lough 

*A  c&daatral  survey  is  properly  uDd  ety  mo  logically  a  Hurrey  by  a  ^vernciient  for 
fiacsl  purposes,  the  irord  beiug  deTive<l  Trom  the  Ion  Latin  capitattrmH,  a  register 
for  a  poll  tax.  As  suoh  a  survey  was  oatorally  carried  out  with  the  utmost  com- 
pleteoess,  the  term  "Cadastral  fsurvey"  came  to  be  used  equally  with  the  term 
"Ordnanca  Survey"  for  the  great  Goverumeiit  survey  of  Great  Britaia  and  Ireland. 
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Foyle,  whifih  was  7  miles  long,  was  mvauured  with  specially  <IesigDed 
comiHtund  metal  i-ods  of  brans  iiiid  iron.  10  f«et  l<mg,  comitensating  like 
tlifi  balaii<'«  and  spring  of  a  cliroimiiieter,  so  as  to  b«  iiide])eudent  of 
expaiieiuti  and  coiiti-a<;tion,  and  their umtai-t  adjusted  with  microscopes. 
Prom  this  base  once  fixed,  its  hititude  and  longitude  being  most  t^re- 
fnlly  taken,  the  surveyor  measures  the  aiiglett  of  suitably  laid  out  tri- 
aogleH,  and  computes  tiie  length  of  their  sides.  Each  of  these  sides 
ID  its  turn  becomes  the  base  of  a  new  triangle.  The  surveyor  plants 
his  instrument  on  the  Ki>ot  fixed  on  and  measures  new  triangles,  aod 
gradually  <x>Ters  the  surface  of  his  island  with  a  network  of  great 
triangles.  The  length  of  these  sides  arc  all  calcniateil  from  the  angles 
not  measured,  but,  a«  a  matter  of  fa<'t,  the  lengths  of  these  sides  so 
computed  from  angular  measurements  are  infinitely  more  accurate  than 
if  they  were  actiially  measured  with  a  chain. 

So  accurate,  indeed,  was  the  triangnlation  of  this  country  that  when 
the  ordnance  surveys  verified  their  calculations  thirty -three  years  after, 
in  1827,  by  actually  measuring  the  check  bsise  on  Lough  Foyle,  as  already 
des<;ribed,  the  greatest  possible  error  was  found  to  be  less  than  6 
inches.  This,  be  it  remembered,  was  calculated  from  the  base  in  SaUs- 
bury  Plain,  only  7  miles  long,  at  a  di-stance  of  over  300  miles.  The 
mean  length  of  the  sides  of  the  triangles  was  35  miles,  and  the  longest 
side  waslll  miles.  The  historyof  the  triaugulationisquitea  romance, 
but  Sir  Charles  Wilson  referred  to  all  this  at  length  last  month.* 

The  instrument  with  which  the  angles  are  measured  is  the  theodolite. 
This  network  of  triangles  so  laid  down  is  the  backbone  of  all  details  of 
map-making.  All  these  imaginary  sides  of  triangles  are,  like  the  par- 
allels of  latitudes  and  meridians  on  large  maps,  the  lines  to  which  all 
filling  in  of  detail  is  referred.  Every  i>oiiit  on  this  network  is  abso- 
lutely fixed, and  from  these  points,  as  ft'om  the  line  of  lamp-posts  we 
considered  at  tlie  beginning,  all  details  are  measured.  The  great  trian- 
gnlation in  the  Onlnance  Survey  being  complete,  the  officers  then  lay 
off  from  the  great  triangles  what  are  called  secondary  triangles,  tlie 
aides  of  which  are  about  5  miles  in  length,  and  where  necessary,  ter- 
tiary triangles,  with  sides  of  alwnt  1  mile  in  length,  and  from  them  the 
surveyor  breaks  up  the  interior  of  tlie  triangle  with  a  network  of  cross 
lines,  all  self-checking  when  laid  on  the  paiier,  and  this  is  the  begin- 
ning of  ordinary  land  survey. 

Land  nurreying. — The  filling  in  of  a  survey  is  like  writing  a  book. 
Men  work  differently.  Xo  two  surveyors  use  exactly  the  same  method 
of  working,  and  it  very  much  depends  on  the  nature  of  the  gronnd,  the 
extentof  his  resources,  and  the  accuracy  of  detail  required  what  method 
the  surveyor  employs.  In  a  theoretically  perfect  survey  the  triangalar 
system  would  be  ]iursned  throughout,  but  in  practice  this  is  not  neces- 
sary, nor  is  it  done. 

"We  Seollinh  flrographical  Magaiinr',  vol.  vii,  ]i.  2JS.  An  ruliniraljle  popnlu 
rount  of  thfi  operntions  of  the  Orduniicr  Survpy  will  bp  Ibuiid  in  The  Ordnanet 
,rf„  of  ihf  Inili^  Kingdom,  l.y  I.iriit.  VA.  T.  I'.  White,  R.  K.     (Blank  noofl,  1886.) 
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Of  tlie  methods  of  tilting  iij>,  n-liicli  artt  stivurHl,  I  will  bi-ietly  de^rribe 
two  or  tbree  of  the  principal : 

Trapersing  tcilk  the  ehain  and  tlieodotite. — A  traverse  is  deflued  as  a 
cireiiitous  route  performed  on  leaving  any  pla^-e  ou  the  earth's  surface 
by  stages  in  different  diret^tioiis  and  of  various  lengths  with  a  view  of 
arriving  at  any  other  place.  The  angles  which  the  stages  (or  station 
Hues)  form  with  tlie  meridian  (t.  e.,  the  north  and  south  line)  nre  called 
bei^rings.  In  other  words,  it  is  a  walking  from  point  to  point  in 
straight  lines,  always  reconling  your  di>itance  and  yoar  direction. 

These  traverse  lines  are  measured  witli  the  chain.  They  are  gener- 
ally laid  out  round  the  country  ta  be  surveyed,  and  are  an  multifarious 
as  the  necessities  of  the  ground  require.  The  hearings  in  a  good  per- 
manent survey  are  measured  with  the  theodohte,  and  when  the  traverse 
is  complete  it  should  be  closed  where  begun,  when,  if  no  error  is  made, 
the  bearing  of  the  first  line  will  read  on  tlie  theo<lolite  exiurtly  as  it 
read  in  the  beginning.  Cross  checks  and  conne^^ting  lines  are  con- 
stantly taken  to  test  the  accuracy  of  the  work,  and  while  the  survey  is 
going  on  the  measurements  of  all  the  features  of  the  country  are  set 
down  in  what  is  called  the  field  book.  Where  the  line  does  not  cross 
the  natural  features  perpendiculars,  called  offsets,  are  set  off  and  meas- 
ured from  the  traverse  line  to  the  bends  and  angles  of  all  surface  <letails, 
bends  of  streams,  fences,  houses,  roa<lH,  and  so  on,  and  so  tlie  map  gets 
filled  in  bit  by  bit.  Either  it  is  set  off  at  the  beginning  from  the  ord- 
nance triangnlation  or  subsequently  joined  to  it  by  trigonometrical 
measurements.  Such  detail  may  be  made  piecemeal  and  fitted  in  like 
a  Chinese  puzzle  to  the  main  map  of  the  country  and  altered  or  more 
miuutcly  surveyed,  according  to  requirements.  For  rapid  and  not  very 
accurate  purposes  exactly  the  same  methods  may  be  adopted  as  for  a 
military  reconnoissance  or  sketch  map  by  pacing  the  traverse  lines  and 
taking  the  bearings  with  the  prismatic  compass,  and  this  is  n-hat  is  gen- 
erally done  in  military  sketches.  All  tliese  operations  and  measure- 
ments are  noted  in  a  field  book  and  are  afterwards  taken  to  the  office 
and  "  plottetl "  on  a  sheet  or  sheets  of  paper. 

There  is  also  a  contrivance  for  filling  in  a  survey,  with  which  no 
field  book  is  used,  but  by  which  very  fairly  accurate  work  may  be 
obtained.  It  is  very  little  used  in  this  country  except  for  military  pur- 
poses, and  then  generally  in  a  modified  form  shortly  to  be  noticed;  but 
it  is  much  used  for  toimgraphical  work  in  India  and  on  the  continent 
and  the  United  States.  Tliis  instniment  is  the  pUnie  table.  It  .serves 
itself  as  a  theodolite,  and  the  plan  actually  grows  ou  the  ground  with- 
out after  ofHce  work. 

Contour  Hiiett, — A  very  important  part  of  cadastral  survey  is  the 
plotting  on  the  map  of  contour  lines,  or  lines  of  eqnal  height.  This  is 
done  after  the  features  of  the  surfa(«  have  lieen  mapped.  To  draw  the 
contour  Hues  we  must  have  a  starting  point,  or,  as  it  is  called,  a  datum 
level,  lu  our  Ordnance  Survey  tliis  is  the  level  of  the  mean  tide  at 
Liverpool.  itltiolc 
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From  tlie  datum  great  Unes  aud  cross  lines  of  levels  are  run  all  over 
tbe country,  covering  it  with  a  network;  and  at  all  convenient  spots 
the  beighta  are  permanently  recorded  by  the  well-known  broad  arrow, 
and  called  bench  marks.  Wherever  the  broadnrrowia  fonnd  engraved 
on  the  ground  its  height  from  the  datum  line  will  be  found  in  the  ord- 
nance map  of  that  part  of  the  ground.  A  very  common  Bi>ot  to  find  an 
ordnance  bench  mark  is  tbe  keystone  of  the  arcli  of  a  bridge,  whidi 
would  naturally  be  the  last  thing  to  be  removetl.  These  levels  are  got 
by  spirit  levelling.  Wlien  the  main  levelling  operations  have  been 
completed  the  surveyor  fixes  at  what  intervals  of  height  fats  coDtonis 
are  to  be  drawn; 

Tfae  surveyor  starts,  let  us  say,  to  determine  the  line  at  100  feet 
above  datum.  He  goes  to  the  nearest  bench  mark  he  lias  to  this  height, 
say  it  is  10.»  feet.  He  levels  down  until  ho  finds  a  point  5  feet  below 
this  bench  mark.  There  he  leaves  a  flag  or  »  peg  and  goes  on  finding 
pointafter  point  at  the  same  level;  that  is,  he  must  rend  the  same 
figure  on  the  leveling  staff.  These  points  ho  then  surveys  as  be  wonid 
any  natural  feature,  and  permanently  marks  the  imaginary  lines  join- 
ing them  on  the  map,  thereby  showing  a  line  of  equal  heights. 

Military  sketch  or  reeonnoiasanee  is  a  form  of  map  which  ought  not  to 
pass  entirely  undescribed.  The  object  of  a  staff  officer  in  makings 
sketch  is  to  give  such  a  representation  of  the  nature  of  the  groand  as 
will  give  useful  information  to  his  general.  It  may  take  any  amount  of 
elaboration,  may  be  as  complete  as  a  cadastral  survey  taken  with 
instruments  of  precision,  or  it  may  be  merely  the  roughest  indication 
of  the  nature  of  the  ground,  taken  with  snch  instruments  as  may  be 
carried  in  tlio  i)oeket,  or  even  improvised  without  instruments,  and  be 
a  mere  eyesketthof  the  features  of  the  ground.  As  the  miUtary  infor- 
mation generally  desired  is  the  nature  of  the  ground,  whether  suitable 
for  maneuvering,  for  artillery,  for  cavalry,  the  nature  of  the  roads,  of 
the  hills,  of  the  rivers,  should  all  be  looked  to,  and  rough  contouring 
and  hill  shading  is  a  very  important  part  of  the  officer's  work.  He 
must  also  get  information  of  defensible  spots,  of  the  water  supplies, 
the  food  supplies,  and  the  resources  of  the  country,  and  this  should  be 
modifietl  as  much  as  possible  on  the  plan  or  on  the  report  attached  to  it. 

Though  any  degree  of  elaborateness  may  be\ised,anyinstnimentsof 
precision  employed,  the  typical  military  sketch  is  made  with  a  sketch- 
ing case,  which  is  merely  an  improvised  plane  table.  The  main  lines 
or  traverses  are  taken  from  the  bearings  of  the  prismatic  compass  laid 
down  on  the  sketch  itself.  The  lines  are  generally  paced  or  guessed, 
distant  objects  fixed  by  bearings  iVom  the  station  iwiuta,  and  the  con- 
touring measured  angularly  by  Abney's  level,  or  sketch  by  the  eye. 
The  shading  of  the  hills  shows  steepness  by  the  lines  used  to  indicate 
them  being  diawn  closer  or  farther  apart. 

Cartot/rtipker, — The  plans  and  maps  having  been  drawn,  and  all 
notes  made  of  information,  they  reach  the  cartographer  or  atlas-maker. 
His  duty  is  first  to  compare  all  ucw  infontiation  with  what  iH  already 
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known;  to  eliminate  manifest  errors,  to  reilii»e  to  scale  and  to  projec- 
tion aiiiform  with  hia  great  maps  of  the  same  part  of  the  world,  aud 
.  generally  to  make  everything  ship-shai>e  for  publication. 

Atlas-making. — I  do  not  here  refer  to  the  Ordoance  Survey  maps, 
drawings,  and  printa,  which  were  described  with  the  utmost  detail  and 
precision  by  Sir  Charles  Wilson,  but  to  the  geoenil  atlases,  such  as 
Johnston's  and  Bartholomew's.  With  the  informatiou  so  gleaned  the 
cartographer  is  able  to  make  those  beautiful  orograpbical  maps,  which 
are  now  so  common,  showing  diAcreut  levels. 

Id  our  diagram  I  have  colored  the  island  orographically,  whioli  its 
done  by  drawing  the  contour  lines  and  washing  over  the  areas  so 
marked  with  different  variations  of  tint.  But  I  shall  not  go  far  into 
this  subject.  Imagine  the  map  drawn.  It  may  be  then  engraved, 
like  any  other  picture  or  line  engraving,  on  a  copper  plate,  and  either 
printed  from  that  plate  or  from  lithographic  stones,  to  which  an  im- 
pression of  the  plate  has  been  transferred. 

In  the  Ordnance  Survey  printing  office,  instead  of  lithographic  stone, 
the  mails  are  printed  from  sheets  of  zinc,  which  lias  much  the  same 
property  of  absorbing  greasy  ink. 

By  this  time  we  have  got  into  the  printing  office,  and  to  describe  it 
ill  detail  would  be  beyond  my  province.  This  part  of  the  subject  though 
very  interesting,  really  embraces  the  whole  art  of  the  engraver,  the 
lithographer,  and  the  printer.  But  there  is  one  process  I  desire  to 
show  before  closing. 

Yon  see  daily  in  books  and  newspapers,  nnd  in  our  own  journal,  ma{}s 
printed  in  black  along  with  the  tyiw.  There  are  numberless  pruccsses 
for  their  production;  one  only  I  shall  briefly  note.  It  is  in  the  type- 
process  of  Messrs,  Walker  &  Boutall,  who  have  kindly  sent  me  a  siteci- 
men  in  course  of  manufacture. 

On  a  brass  plateacxiatingof  a  wasy  composition  is  laid;  the  outlines 
of  the  map  are  either  drawn  on  this  coating  or  photographically  trans- 
ferred to  it.  The  engraver  then  scratches  through  the  wax  down  to 
the  brass  with  a  needle.  Be  next  takes  suitable  types  and  stamps  in 
the  names  also  down  throngli  the  wax  to  the  brass,  and  completes  the 
matrix  with  the  necessary  amount  of  detail,  which  may  be  great  or 
little.  After  verification  and  correction  the  matrix  is  ready  for  electro- 
typing.  You  who  know  the  appearance  of  stereotype  molds  will  see 
that  this  resembles  the  mold  of  au  ordinary  8tereotyi>e  or  electrotype 
page.  The  mold  is  next  covered  with  black  lead  and  an  electrotype 
taken  from  it,  when  all  the  punctures  that  have  been  made  through  the 
wax  to  the  level  brass  plate  come  out  level — the  scratches  as  lines  and 
the  type  as  lettenng.  It  is  then  mounted  on  wood,  and  is  ready  to  insert 
among  type  and  be  printed  along  witli  it. 

I  have  tried  to  give  you  very  roughly  an  outline  of  how  maps  are 
made  from  the  beginning  to  the  end,  in  almost  the  same  form  that 
aetttal  necessity  forced  me  to  learn  it  for  practical  use. 
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By  J.  S.  Bubdon-Sandekson,  K.  R.  S. 


We  are  assembled  tbis  evening  as  representatives  of  the  sciences — 
men  and  women  who  seek  to  wivance  knowledge  by  scientific  methmls. 
The  common  ground  on  which  we  stand  ia  that  of  belief  in  the  pam^ 
moQDt  value  of  the  end  for  which  we  are  striving,  of  its  inherent  power 
to  make  men  wiser,  happier,  and  better ;  and  our  common  purpose  is  to 
strengthen  and  encourage  oiie  another  in  our  efforts  for  its  attainment. 
We  have  come  to  learn  what  progress  han  been  made  in  departments 
of  knowledge  which  lie  outside  of  our  own  special  scientific  interests 
and  occupations,  to  widen  our  views,  and  to  correct  whatever  miscon- 
ceptions may  have  arisen  from  the  necessity  which  limits  each  of  us 
to  his  own  field  of  study;  and,  above  all,  we  are  here  for  the  purpose 
of  bringing  our  divided  energies  into  effet-tuni  and  combined  action. 

Probably  few  of  the  members  of  the  assoniation  are  fully  aware  of  the 
influence  which  it  has  e.xercised  during  the  hist  haif  century  and  mure 
in  furthering  the  scientific  development  of  this  vountry.  Wide  as  is 
the  range  of  its  activity,  there  has  been  no  great  ijuestion  in  tlie  field 
of  scientific  inquiry  which  it  has  failed  to  discuss;  no  important  line  of 
investigation  which  it  has  not  promoted;  no  great  discovery  which  it 
has  not  welcomed.  After  more  than  8i.Yty  years  of  existence  it  still 
finds  it^f  in  the  energy  of  middle  life,  looking  back  with  satisfaction 
tfl  what  it  has  accomplished  in  ita  youth,  and  forward  to  an  even  more 
efficient  future.  One  of  the  first  of  the  national  associations  which 
exist  in  different  countries  for  the  advancement  of  science,  its  influence 
has  been  more  felt  than  that  of  its  successors,  because  it  is  more 
wanted.  The  wealthiest  country  in  the  world,  which  has  profited  more, 
vastly  more,  by  science  than  any  other.  England  stands  alone  in  the 
discredit  of  refusing  the  necessary  expenditure  for  its  development, 
and  cares  not  that  other  nations  should  reap  the  harvest  for  which  her 
own  sons  have  labored. 

It  is  surely  our  duty  not  to  rest  satisfied  with  the  reflection  that 
England  in  the  past  has  accomplished  so  much,  but  rather  to  unite 
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and  agitate  in  the  confldenco  of  eventual  Kuec;eBS.  It  i»  not  tlie  fault 
of  gOTerDmeiitt),  but  of  the  nation,  tiiat  the  claims  of  science  are  itot 
recognized.  We  have  against  iia  an  overwhelming  infyority  of  the 
community,  not  merely  of  the  ignorant,  but  of  those  who  regar<l  them- 
selves as  educated,  who  value  science  only  in  so  fur  as  it  can  be  turned 
into  money;  for  we  are  still  in  great  measure,  in  greater  measure  than 
any  other,  a  nation  of  shop-keepers.  Let  us  who  are  of  the  minority — 
the  remnant  who  believe  that  truth  is  in  itself  of  supreme  value,  and 
the  knowledge  of  it  of  supreme  utility — <1o  all  that  we  can  to  bring 
public  opinion  to  our  side,  so  that  the  century  which  has  given  Yoaug, 
Faraday,  Lyell,  Darwin,  Maxwell,  aud  Thompson  to  England  may, 
before  it  closes,  see  us  prepared  to  take  our  part  with  other  countries 
in  combined  action  for  the  full  development  of  natural  knowledge. 

Last  year  the  necessity  of  an  im[>erial  observatory  for  physical  sci- 
ence was,  as  no  doubt  many  are  aware,  the  subject  of  a  discassion  in 
Section  A,  which  derived  its  interest  from  the  nuniherofle;uling  physi- 
cists who  took  part  in  it,  and  especisilly  froQi  the  presence  aud  active 
participation  of  the  distiugmshed  man  who  is  at  the  head  of  the 
National  Physical  Laboratory  at  Berlin.  The  equally  pressing  neces- 
sity for  a  central  institution  for  chemistry,  on  a  scale  commensurate 
with  the  practical  importance  of  that  science,  has  been  insisted  njton 
in  this  association  and  elsewhere  by  distinguished  chemists.  As 
regards  biology,  I  shall  have  a  word  to  say  in  the  same  direction  this 
evening.  Of  these  three  reqairements  it  may  bo  that  the  first  is  the 
most  pressing.  If  so,  let  us  all,  whatever  branch  of  science  we  repre- 
sent, unite  our  efforts  to  reali/.c  it,  in  the  assurance  that  if  once  the 
claim  of  science  to  liberal  public  support  is  admitted  the  rest  vriU 
follow. 

In  selecting  a  subject  on  which  to  address  you  this  evening,  1  have 
followed  the  example  of  my  predecessors  in  limiting  myself  to  matters 
more  or  less  connecte<l  with  my  own  scientific  occupations,  believing 
that  iu  discussing  what  most  iutcrestfi  myself  I  should  have  the  best 
chance  of  interesting  you.  The  circumstance  that  at  the  last  meeting 
of  the  British  Association  in  this  town,  Section  I>  assumed  for  the  first 
time  the  title  which  it  has  since  held,  that  of  the  Section  of  Biology, 
suggested  to  me  that  I  might  take  the  word  "  biology"  as  my  starting 
point,  giving  you  some  account  of  its  origin  and  first  use,  and  of  the 
relations  which  subsist  between  biology  and  other  branches  of  natural 


OBICilN    AND    MEANINd    OF   THK    TKBM    "  BIOLOGY." 

The  term  "biology,"  which  is  now  so  familiar  as  comprising  the  sum 
of  the  knowledge  which  has  as  yet  been  acquired  concerning  living 
nature,  wns  unknown  until  after  the  beginning  of  the  present  century. 
The  term  was  first  employed  by  Treviranus,  who  proposed  to  himself 
as  a  life-task  the  development  of  a  new  science,  the  aim  of  which  should 
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be  to  study  the  forms  and  pbeiiomcna  of  life,  its  oriRiD,  and  tbe  coodi- 
tioim  and  lawa  of  its  existence,  andembodiedwiiat  vas  liuown  on  tbese 
subjects  in  a  book  of  seven  volumes,  wbich  lie  entitled  Biology,  or  the 
PhUoHopky  of  Living  Nature.  For  its  construction  the  material  waa 
very  scanty,  and  was  chiefly  derived  from  the  anatomists  and  physiolo- 
gists. For  botanists  were  entirely  occupied  in  completing  the  work 
which  LiuuEeus  had  begnn,  and  tbe  scox>e  of  zoology  was  in  like  man- 
ner ]imit4.-d  to  the  description  lind  classification  of  animals.  It  was  a 
new  thing  to  regard  tbe  study  of  living  nature  as  a  science  by  itself, 
worthy  to  occupy  apliu-e  by  the  aide  of  natural  iiliilosophy,  and  it  was 
therefore  necessary  to  vindicate  its  claim  to  such  a  position.  Trevira- 
nna  declined  to  found  this  claim  on  its  useful  applications  to  tbe  arts 
of  agriculture  and  medicine,  considering  that  to  regard  any  subject  of 
study  in  relation  to  our  bodily  wants — in  other  words,tonfilicy — waato 
narrow  it,  but  dwelt  rather  on  its  value  as  a  disci]>Iine  and  on  its  sur- 
passing interest.  He  commends  biology  to  bis  i-eaders  as  a  study  which, 
above  all  others,  "  nourishes  and  maintains  the  taste  for  simplicity  and 
nobleness;  which  afTordw  to  the  intellect  ever  new  material  for  reflec- 
tion, and  to  the  imagination  an  inexhaustible  source  of  attractive 
images." 

Being  himself  a  mathematician  as  well  as  a  naturalist,  be  approaches 
tbe  subject  both  from  the  side  of  natural  philosophy  and  from  that  of 
natural  history,  and  desires  to  found  the  new  science  on  the  funda- 
mental distinction  lietween  living  and  non-Iiving  materials.  In  discuss- 
ing this  distinction,  he  takes  ns  bis  point  of  departure  tbe  constancy 
with  which  tbe  activities  wbich  manifest  themselves  in  tbe  universe  are 
balanced,  emphasizing  the  ini[>ossibiiity  of  excluding  from  that  balance 
tbe  vital  activities  of  plants  and  animals.  Tbe  difference  between  vital 
and  physical  processes  he  accordingly  finds,  not  in  tbe  nature  of  the 
processes  themselves,  but  in  their  co-ordination;  that  is, in  their  adapt- 
edness  to  a  given  purpose,  and  to  tbe  i>eculiar  and  special  relation  in 
which  tbe  organism  stands  to  tbe  external  world.  All  of  this  is 
expressed  in  a  proposition  difficult  to  translate  into  Englishj  in  which 
he  defines  life  as  consisting  in  tbe  reaction  of  the  organism  to  external 
influences,  and  contrasts  tlie  uniformity  of  vital  reactions  with  the 
variety  of  tbeir  exciting  causes.* 

TliG  pur|)ose  which  I  have  in  view  in  taking  you  back  as  I  have  done 
to  tbe  begining  of  the  century  is  not  merely  to  commemorate  tbe  work 
done  by  the  wonderfully  acute  writer  to  whom  we  owe  tbe  first  scien- 
tific conception  of  the  science  of  life  as  a  whole,  but  to  show  that  this 
conception,  as  expressed  in  tbe  definition  I  have  given  you  as  its  founda- 
tion, can  still  be  accepted  as  true.  It  suggests  tlie  idea  of  organism  as 
that  to  which  all  other  biological  ideas  nmst  relate.     It  also  suggests, 

'"Leiien  beitti'lit  ■□  ilrr  Gleicbliirmigkeit  dei'  Kenktiiiiien  bei  migleicbtunnigeii 
KiuivirknDgPD  di-r  Ans'K'uwitU." — Trevimniia,  Biologic  odtr  fkiloiophif  rf«r  lebaideit 
Nalar,  (;<>tt«llgi-ii,  1802,  vol.  I,  p.  83.  iOOqIc 
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altliMugh  perliapH  it  docs  not  express  it,  that  action  ia  not  an  attribute 
to  tbe  organism  but  of  its  essence — tliat  if,  on  the flther  liaud,  proto- 
plasm is  the  basis  of  life,  life  is  tbe  basis  of  protoplasm.  Tbeir  nk- 
tionn  to  eacb  other  are  reciprocal.  We  think  of  the  visible  stmcture 
only  10  connection  with  the  invisible  process.  The  definition  is  also  of 
value  as  indicating  at  once  the  two  lines  of  inquiry  into  which  the  ttci- 
ence  has  divided  by  the  uatural  evolution  of  knowledge.  These  two 
lines  may  be  easily  educed  from  the  general  principle  from  which  Tre- 
vtraDUB  started,  according  to  which  it  is  the  fundamental  characteristic 
of  the  organism  that  all  that  goes  on  iu  it  is  to  the  advantage  of  the 
whole.  1  need  scarcely  say  that  this  fundamental  conception  of  organ- 
ism has  at  all  times  presented  itself  to  the  minds  of  those  who  have 
sought  to  understand  the  distinction  between  living  and  non-living. 
Without  going  back  to  the  true  father  aud  founder  of  biology,  Aris- 
totle, we  may  recall  with  interest  tbe  langnage  employed  in  relation  to 
it  by  the  physiologists  of  three  hundred  years  ago.  It  was  at  that  time 
ezpressetl  by  the  term  comenaus  partium — which  was  defined  as  the 
concurrence  of  parts  in  action,  of  such  a  nature  that  eacb  does  quod 
suum  ent,  al!  combining  to  bring  about  one  efi'ect  "as  if  they  had  twen 
in  secret  council,"  but  at  the  same  time  constanti  quadam  natura  lege.' 
Prof.  Hnxley  has  ma^le  familiar  to  ns  how  a  century  lat«r  Descartes 
imagined  to  himself  a  mechanism  to  carry  out  this  con»etuus,  based  on 
such  scanty  knowledge  as  was  then  available  of  tbe  structure  of  the 
nervous  system.  The  discoveries  of  the  early  part  of  the  present  cen- 
tury relating  to  the  reflex  action  and  the  functions  of  sensory  and 
motor  uerves,  servetl  to  realize  in  a  wonderful  way  his  anticipations  as 
to  the  channels  of  influence,  afferent  and  efferent,  by  which  the  consen- 
sus is  maintained ;  and  in  recent  times  (as  we  hope  to  learn  from  Prof. 
Horsley's  lecture  on  the  i»hysiology  of  the  nervous  system)  these 
channels  have  been  investigated  with  extraordinary  minuteness  and 
success. 

Wlieth.cr  with  the  old  writers  we  speak  about  consensus,  with  Trevi- 
rauus  about  adaptation,  or  ate  content  to  take  organism  as  our  point  of 
departure,  it  means  that,  regarding  a  plant  or  an  animal  as  an  organ- 
ism, we  concern  ourselves  primarily  with  its  activities,  or,  to  nse  the 
woril  which  best  expresses  it,  its  energies.  Now  the  first  thing  that 
strikes  us  in  beginning  to  think  about  the  activities  of  an  organism  is 
that  they  are  naturally  distinguishable  into  two  kinds,  according  as  we 
consider  the  action  of  the  whole  organism  in  its  relation  to  the  external 
world  or  to  other  organisms,  or  the  action  of  the  parts  or  organs  in 
their  relation  to  eacb  other.  The  distinction  to  which  we  are  thus  led 
between  the  internal  and  external  relations  of  plants  and  animals  has 
of  course  always  existed,  but  has  only  lately  come  into  such  prominence 
that  it  divides  biologists  more  or  Ic^s  completely  into  two  camps— ou 
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the  one  haud  tbose  wbo  make  it  tlicir  aim  to  investigate  ttie  iwtioiis  of 
tlie  organism  and  its  pai'ts  by  the  uccepted  metbods  of  physics  and 
chemistry,  carrying  this  iuvestigation  as  far  as  tbe  conditious  under 
which  each  process  manifests  itself  will  permit;  on  the  other,  those 
who  interest  themselves  rather  in  considering  the  place  which  each 
organism  occapies,  and  the  part  wliicb  it  plays  in  the  economy  of  nature. 
It  is  apparent  that  the  two  hnes  of  inquiry,  although  they  eqnally  relate 
to  what  the  organisoi  iloen,  rather  tbau  to  what  it  U,  and  therefore  both 
have  equal  right  to  be  incliideil  iu  the  one  great  science  of  life,  or 
biology,  yet  lead  in  directions  which  are  scarcely  even  parallel.  So 
marked,  indeed,  is  tbe  distinction,  that  Prof.  Uaeckel  some  twenty 
years  ago  proposed  to  separate  the  study  of  organisms  with  reference  to 
their  place  iu  nature  under  the  designation  of  "oecology,"  defining  it  as 
comprising  "the  relations  of  the  aninial  to  its  organic  as  well  as  to  it-s 
inorganic  ent^ironment,  particularly  its  friendly  or  hostile  relatious  to 
those  animaifl  or  plants  with  which  it  comes  into  direct  contact."* 
Whether  this  term  expresses  it  or  not,  the  distinction  is  a  fundamental 
one.  Whether  with  the  a!CoIogiBt  we  regard  the  organism  in  relation 
to  tbe  world,  or  with  the  physiologist  as  a  wonderful  complex  of  vital 
energies,  the  two  branches  have  this  in  «-ommon,  that  both  studies  fl.<c 
their  attention,  not  on  stuffed  animals,  butterflies  in  cases,  or  even 
microscopical  sections  of  the  animal  or  plant  body — all  of  which  relate 
to  the  framework  of  life — but  on  hfe  itself. 

The  conception  of  biology  which  was  developed  by  Treviranus  as  far 
as  tbe  knowledge  of  plants  and  animals  which  then  exiNt«d  rendered 
possible,  seems  to  me  still  to  express  the  scope  of  the  science.  I  should 
have  liked,  had  it  been  witbiu  my  power,  to  present  to  you  both  aspects 
of  the  subject  in  equal  fulness;  but  I  feel  that  I  shall  best  protit  by  the 
present  opportunity  if  I  derive  my  illu8trati<  scbiefly  from  the  division 
of  biology  to  which  I  am  attached — thatwlJch  concerns  the  internal 
relations  of  the  organism,  it  being  my  object  not  to  specialize  in  either 
direction,  bnt  as  Treviranus  desired  to  do,  to  regard  it  as  part — surely 
a  very  important  part — of  the  great  science  of  natnre. 

The  origin  of  life,  tbe  flrs^  transition  from  uou-hving  to  living,  is  a 
riddle  which  lies  outside  of  our  scope.  No  seriously-minded  person 
however  doubts  that  organized  nature  as  it  now  presents  itself  to  ua 
has  become  what  it  is  by  a  process  of  gradual  perfecting  or  wlvance- 
ment,  brought  about  by  the  elimination  of  those  organisms  which  failed 
to  obey  the  fundamental  principle  of  adaptation  which  Treviranus  indi- 
cated. Each  step  therefore  in  this  evolution  is  a  reaction  to  external 
influences,  the  motive  of  which  is  essentially  the  same  as  that  by  which 

'Tlicse  Le  identifies  with  "tbnse  couplicateil  mutual  relatioug  whiob  Darwio 
desigDateit  us  con(litii>DH  of  tbe  strugf^le  for  existeiici!."  AloDg  njtb  chorology — tbe 
diatribntiou  of  nniinalH— n'colof^y  coDstitiites  vliat  be  calls  Relatio«i-phs»iologie. 
Haeckei,  "  EntwickoliiugBgaDg  u.  Aufi;a1ieD  der  2oulogie,"  Jtnaitelie  Zeiltchr,  1869, 

vol.  v,  p.  sra 
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from  moment  to  momeot  the  organism  governs  itself.  And  the  whole 
process  is  a  necessary  outcome  of  the  fact  that  those  organisms  are 
most  prosperous  vhich  look  bent  after  their  own  welfore.  As  in  that 
part  of  biology  which  deals  with  the  internal  relations  of  the  organism, 
the  iuterest  of  the  iudividnal  is  in  likemanner  the  sole  motive  by  which 
every  energy  is  guided.  We  may  take  what  Trevtrauns  called  ielfith 
adaptation — Zweckmasaiglceit  Jvr  sick  selber — as  a  couiiectliig  link 
between  the  two  branches  of  biological  study.  Out  of  this  relation 
springs  another  which  I  need  not  say  was  not  recognized  anttl  after 
the  Darwinian  ei>och — that,  I  mean,  which  subsists  between  the  two 
evolutions,  that  of  the  race  and  that  of  the  individual.  Trevirauns, no 
less  distinctly  than  his  great  contemiiorary  Lamarck,  was  well  aware 
that  the  affinities  of  plants  and  animals  must  be  estimated  according 
to  their  developmental  valne,  and  consequently  that  classification  mast 
be  founded  on  development;  but  it  occarred  to  no  one  what  the  real 
link  was  between  descent  and  development;  nor  was  it  indeed  until 
several  years  after  the  publication  of  the  "Origiii"  that  Haeckel  ennn- 
ciated  that ''biogenetic  law,"  according  to  which  the  development  of 
any  indiviilual  organism  is  but  a  memory,  a  recapitulation  by  the  indi- 
vidual of  the  development  of  the  race — of  the  process  for  which  Fritz 
Miiller  had  coined  the  excellent  word  "phylogenesis;"  and  that  each 
stage  of  the  former  is  but  a  transitory  re-a)i]>earance  of  a  bygone  epoch 
in  its  ancestral  history.  If  therefore  we  are  right  in  regarding  onto- 
genesis  as  dependent  on  phylogenesis,  the  origin  of  the  former  most 
correspond  with  that  of  the  latter;  that  is,  on  the  power  which  the  race 
or  the  organism  at  every  stage  of  its  exii^tence  possesses  of  profiting  by 
every  condition  or  circumstance  for  its  own  advancement. 

From  the  short  summary  of  the  connection  between  different  parts 
of  onr  science  you  will  see  that  biology  naturally  falls  into  three  divi- 
sions, and  these  are  even  more  sharply  distinguished  by  their  methods 
than  by  their  subjects,  namely,  pAysto%j(,  of  which  the  methods  are 
entirely  expcrtmenlal;  morphology,  the  science  which  deals  with  the 
forms  and  structure  of  plants  and  animals,  and  of  which  it  may  be  said 
that  the  body  is  anatomy,  the  soul,  development;  and  finally,  aoology, 
which  n::ea  all  the  knowledge  it  can  obtain  from  the  other  two,  but 
chietly  rests  on  the  exploration  of  the  endless  varied  phenomena  of  ani- 
mal luid  plant  life  as  t  licy  manifest  themselves  under  natural  conditions. 
This  last  braii<-h  of  biology — the  science  which  concerns  itself  with  the 
e.xfernal  lelafions  of  plants  »nd  animals  to  each  other,  and  to  the  past 
and  present  conditions  of  their  existence — is  by  far  the  most  attractive. 
In  it  those  (|unliti<'S  of  mind  which  esi>e<'ially  distinguish  the  naturalist 
find  their  highest  exei-oisejUnd  it  represents  more  than  any  other  hnmcb 
of  the  subject  what  Trevlranus  tcnne<l  the  "philosophy  of  living  nature." 
"^otwithstanding  the  very  general  interest  which  several  of  its  problems 
'e  at  the  present  moment  1  do  not  ]>ro]>ose  to  discuss  any  of  them, 
ather  to  linut  myself  to  the  humbler  task  of  showiug  that  the  fan- 


BIOLOOY  IN  RELATION  TO  OTHER  NATURAL  SCIENCES.       441 

datnental  idea  which  finds  one  form  of  expression  in  the  world  of  living 
beiags  regarded  as  a  whoJe — the  prevalence  of  the  best — manifests 
itself  with  eqnal  distinctness,  and  plays  an  eqoally  essential  part  in  the 
int«rnal  relations  of  the  organism  in  the  great  science  which  treats  of 
them — physiology. 

OEIGIN  A.N])  SCOPE   OP  HODEBN  PHYSIOLOOT. 

Jnst  as  there  was  no  true  philosophy  of  living  nature  until  Darwin, 
we  may  with  almost  equal  truth  say  that  physiology  did  not  exist  as  a 
science  before  Johannes  MUller.  For  although  the  sum  of  his  namerons 
achievements  in  comparative  anatomy  and  physiology,  notwithstand- 
ing their  extraordinary  number  and  importance,  could  not  be  compared 
for  merit  and  fruitfuluess  with  the  one  discovery  which  furnished  the 
key  to  so  many  riddles,  he,  no  less  than  Darwin,  by  his  influence  on  his 
successors,  was  the  beginuer  of  a  new  era. 

Miiller  taught  in  Berlin  from  1833  to  1857.  Daring  that  time  a  grad- 
ual change  was  in  progress  in  the  way  in  which  biologists  regarded  the 
fundamental  problem  of  life.  Miiller  himself,  in  common  with  Trevira- 
nus  and  all  the  biological  teachers  of  his  time,  was  a  vitalist,  t.  e.  he 
regarded  wbat  was  then  called  the  via  Titali»—i\\e,  Jjcbentikraft — as 
something  capable  of  being  correlated  with  the  physical  forces ;  and  as 
a  necessary  consequence  held  that  phenomena  should  be  classified  or 
distinguished,  according  to  the  forces  which  produced  them,  as  vital  or 
physical,  and  that  all  those  processes — that  is,  groups  or  series  of  phe- 
nomena in  living  organisms — for  which,  in  the  then  very  imperfect 
knowIe<)ge  which  existed,  no  obvious  physical  explanation  could  be 
found,  were  sufficiently  explained  when  they  were  stated  to  be  dei>en- 
dent  on  so-called  vital  laws.  But  during  the  ])eriod  of  Midler's  great- 
est activity  times  were  changing,  and  he  was  changiitg  with  them. 
During  his  long  career  as  professor  at  Berlin  he  becnme  more  and  more 
objective  in  his  tendencies,  and  exercised  an  inilueMce  in  the snme  direc- 
tion on  the  men  of  the  next  generation,  t«aching  them  that  it  -wan  bet- 
ter and  more  useful  to  observe  than  to  philosophize;  so  that,  although 
he  himself  is  truly  regarded  as  the  last  of  the  vitalists — foi  he  was 
a  vitalist  to  the  last^his  successors  were  adherents  of  what  has  been 
very  inadequately  designated  the  mechanistic  view  of  the  phenomena 
of  life.  The  change  thus  brought  about  just  before  the  middle  of  thin 
century  was  a  revolution.  It  was  not  a  substitutioD  of  one  point  of 
view  for  another,  but  simply  a  frank  abandonment  of  theory  for  fact, 
of  speculation  for  experiment.  Physiologists  ceased  to  theorize  because 
they  found  something  better  to  do.  May  1  try  to  give  yon  a  sketch  of 
this  era  of  progresst 

Great  discoveries  as  to  the  structure  of  plants  and  animals  had  been 
made  in  the  course  of  the  previous  decade,  those  especially  which  bad 
resulted  from  the  introduction  of  the  microscope  as  an  instrnmeut  of 
research.    By  its  aid  Schwann  had  been  able  to  show  that  all  organ- 
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ized  stmcturcs  artt  built  up  of  those  particles  of  liviog  sabstanc-e  which 
we  DOW  call  cells,  aud  recognize  aa  the  seats  and  soarces  of  every  kiud 
of  vital  activity.  Hugo  Mold,  working  Id  another  direction,  had  giveu 
the  name  "  protoplasui "  to  a  certain  hyaline  substance  which  fornts 
tiie  lining  of  tlie  cells  of  plants,  though  no  one  as  yet  knew  that  it  was 
the  essential  constitnent  of  all  living  strncturea — the  basis  of  life  uo 
less  in  animals  than  in  plants.  And,  finally,  a  new  branch  of  study, 
histology,  founded  on  observations  which  the  microscope  bad  for  the 
ItrKt  time  rendered  iH)8Bible,  had  come  into  existence.  Bowman,  one<^ 
the  earliest  and  most  successfiil  cultivators  of  this  new  science,  called 
it  physiological  anatomy,*  and  justified  the  title  bylhe  very  important 
inferences  as  to  the  secreting  function  of  epithelial  cells  and  as  to  the 
nature  of  muscular  contraction,  which  he  deduced  from  his  admirable 
aDatomicnt  re^^earches.  From  structure  to  Ainction,  from  mitrroacopical 
observation  to  physiologi<^al  experiment,  the  transition  waa  natural. 
Anatomy  was  nble  to  answer  some  questions,  but  asked  many  more. 
Fifty  years  ago  physiologists  had  inicro8coi)eB  bnt  had  no  laboratories. 
English  physiologists.  Bowman,  Paget,  Sharpey,  were  at  the  same  time 
anatomists,  and  in  Berlin,  Johanne-s  Miiller,  along  with  anatomy  and 
physiologj',  taught  comparati  ve  anatomy  and  pathology.  But  soon  that 
specialization  which,  however  much  we  may  regret  its  necessity,  is  an 
essential  conc4)mitant  of  progress,  became  more  and  more  inevitable. 
The  structural  conditions  on  which  the  processes  of  life  depend  had 
become,  if  not  known,  at  least  accessible  to  investigation;  bnt  very 
little  indeed  had  been  ascertained  of  tlie  natitre  of  the  processes  them- 
selves, so  little  indeed,  that  if  at  this  moment  we  could  blot  from  the 
records  of  physiology  the  whole  of  the  information  which  had  been 
acquired,  say  in  1840,  the  loss  would  be  difficult  to  trace,  not  that  the 
previously- known  facts  were  of  little  value,  but  because  every  fiict  of 
moment  has  since  been  subjected  to  experimental  verification.  It  is 
for  tliis  reason  that,  without  any  hesitation,  we  accord  to  MUller  and  to 
his  successors,  Briicke,  du  Bois-Reymond,  Ilelmholtz,  who  were  bis 
pupils,  and  Ludwig,  in  Germany,  and  to  Claude  Bernard  t  in  France, 
the  title  of  founders  of  our  science.  For  it  is  the  work  which  they  l>egan 
at  that  remarkable  time  (I84o-1855),  and  which  is  now  being  carried 
on  by  their  pupils  or  their  pupils'  pupils  in  England,  America,  France, 
Germany,I)cnmark,  Sweden,  Italy,  and  even  in  that  youngest  contribu- 
tor to  the  advHucemciit  of  science,  Japan,  that  physiology  has  been 
gratlually  built  up  to  whatever  completeness  it  has  at  present  attained. 
What  were  the  conditions  tlnit  brought  about  this  great  advance 
which  coincided  with,  the  middle  ol  the  century!    There  is  but  little 

*  The  tlrHt  part  or  the  I'inaiologirat  Analomg  uppenred  in  1K43.     It  noa  coDcliided 
in  1856. 

tit  in  worthy  of  note  tliat  thette  five  diBtJnguialieil  nifo  wisre  iiicn;ly  contempoTa- 
ies;  LadwiK  ki'-'"'""'"'!  ■"  lS:i!);  liemiird  ju  lKl:t;  tbo  other  three  lielween  tba«e 
it«8.    Three  HnrviTe^IIeIm]i»ltz,  Ludwig,  dii  IloiH-Roymoiid. 
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difficulty  in  answering  tlie  questiou.  I  liave  already  said  that  the 
cbaoge  was  not  one  of  doctrine,  but  of  metliod.  There  was  however 
a  leading  idea  iu  the  mindH  of  tlioae  who  were  cbiefly  concerned  in 
bringing  it  about.  That  leading  notion  was  that  however  complicated 
may  be  the  tionditions  under  which  vital  energiee  manifest  tbeniselves, 
they  can  be  split  into  processes  which  are  identical  iu  nature  witb  those 
of  the  non-living  world,  and,  as  a  corollary  to  this,  that  the  analyzing 
of  a  vibil  process  into  its  physical  and  cliemical  constitnents,  so  as  to 
bring  these  constituents  into  measurable  relation  witli  physical  or  chem- 
ical standards,  is  the  only  mode  of  investigating  them  which  can  lead 
to  satisfactory  results. 

There  were  several  circumstances  which  at  that  time  tended  to  make 
tbe  younger  physiologists  (and  all  of  the  men  to  whom  I  have  just 
referred  were  tlien  young)  sanguine — perhaps  too  sanguine,  in  the  hope 
that  the  apitlication  of  experimental  methods  deriveil  from  the  exact 
sciences  would  atl'ord  solutions  of  many  physiological  problems.  One 
of  these  was  the  progress  which  had  been  made  in  tlie  science  of  chem- 
istry, and  particularly  the  discovery  that  many  of  thecorapoundswbich 
before  bad  been  regarded  as  special  products  of  vital  pi'ocesses,  could 
be  produced  in  the  laboraCnry,  and  the  more  complete  knowledge  wbich 
had  been  thereby  actguired  of  their  chemical  constitutions  and  rela- 
tions. In  like  manner  the  new  school  profited  by  the  advances  which 
had  been  made  in  physics,  partly  by  borrowing  from  the  physical  lab- 
oratory various  improved  methods  of  observing  the  phenomena  of  liv- 
ing beings,  but  chicdy  in  consequence  of  the  direct  bearing  of  tbe 
crowning  discovery  of  that  eiMicli  (that  of  the  conservation  of  energy) 
on  the  discussions  which  then  took  place  as  to  the  relations  between 
vital  and  physical  forces;  in  connection  with  which  it  may  be  noted 
that  two  of  those  who  (along  witli  Mr.  Joule  and  your  president  at  tbe 
last  fTottingham  meeting)  took  a  prominent  part  in  that  discovery — 
Helmholtz  and  J.  E.  Mayer — were  physiologists  as  mnch  as  they  were 
physicists.  1  will  not  attempt  even  to  enumerate  the  achievements  of 
that  epoch  of  progress.  1  may  however  withont  risk  of  wearying  yon, 
indicate  the  lines  along  which  rescareli  at  first  proceeded,  and  draw 
your  attention  to  the  contrast  between  then  and  now.  At  present  a 
yonng  observer  who  is  zealous  to  engage  in  research  finds  himself  pro- 
vided with  the  most  elaborate  means  of  investigation,  tlie  chief  obsta- 
cle to  bis  success  being  that  the  problems  which  have  been  left  over  by 
his  predecessors  are  of  extreme  difficulty,  all  of  the  easier  questions 
having  been  worked  out.  There  were  then  also  difficulties,  but  of  an 
entirely  different  kind.  The  work  to  be  done  was  in  itself  easier,  but 
the  means  for  doing  it  were  wanting,  and  every  investigator  had  to 
depend  on  his  own  resources.  Consequently  the  successful  men  were 
those  who,  in  a<ldition  to  scientific  training,  possessed  the  ingenuity  to 
devise  and  the  skill  to  carry  ont  methods  for  themselves.  The  work  by 
vhicb  du  Bois-Reymond  laid  tbe  foundation  of  animal  electricity  would 
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DOt  have  been  poBsiblo  had  not  its  antbor,  besides  being  a  trained  phys- 
icist, known  bow  to  do  as  good  work  in  a  small  room  in  tbe  npper  floor 
of  the  old  university  building  at  Berlin  as  any  wbieh  is  now  done  in 
his  splendid  laboratory.  Had  Ludwig  not  possessed  mechanical  apti- 
tude, in  addition  to  scientific  knowledge,  lie  would  have  been  unable 
to  devise  the  apparatus  by  which  he  measured  and  recorded  the  varia- 
tions of  arterial  pressure  (184S),  and  veri&ed  the  principles  which 
Young  had  laid  down  thirty  years  before  as  to  the  mechanics  of  the 
circnlatioo.  Nor,  lastly,  could  Helmlioltz,  had  he  not  been  a  great 
deal  more  than  a  mere  physiologist,  have  made  those  measurements  of 
the  time  relations  of  muscular  and  nervons  responses  to  stimulation, 
which  not  ouly  afford  a  solid  foundation  for  all  that  has  been  doDe> 
since  in  the  same  direction,  but  has  served  ua  models  of  physiological 
experiment,  and  as  evidence  that  perfect  work  was  possible  and  was 
done  by  capable  men,  even  when  there  were  no  physiological  labora- 
tories. 

Each  of  these  examples  relates  to  work  done  within  a  year  or  two  of 
the  middle  of  the  century.*  If  it  were  possible  to  enter  more  fully  on 
the  scientific  history  of  the  time,  we  should,  I  think,  find  the  clearest 
evidence,  first,  that  the  foundation  wns  laid  in  anatomical  discoveries, 
in  which  it  is  gratifying  to  remember  that  English  anatomists  (Alleu, 
Thomson,  Bowman,  Goodsir,  Sharpey)  took  considerable  share;  sec- 
ondly, that  progress  was  rendered  possible  by  the  rapid  advances  which, 
during  the  previous  decade,  had  been  made  in  physics  and  chemistry, 
and  the  participatiou  of  physiology  in  the  general  awakening  of  the 
scientific  spirit  which  these  discoveries  produced.  I  venture  however 
to  think  that  notwithstanding  the  operation  of  these  two  causes,  or 
rather  combinations  of  causes,  the  development  of  our  science  would 
have  been  delayed  had  it  not  been  for  tbe  exceptional  endowments  of 
the  four  or  five  young  experimenters  whose  names  I  have  mentioned, 
each  of  whom  was  capable  of  becoming  a  master  in  his  own  branch,  and 
of  guiding  the  future  progress  of  inquiry. 

Just  as  the  affinities  of  an  organism  can  be  best  learned  from  it« 
development,  so  the  scope  of  a  science  may  be  most  easily  jndged  of 
by  the  tendencies  which  it  exhibits  in  its  origin.  I  wish  now  to  com- 
plete the  sketch  I  have  endeavored  to  give  of  the  way  in  which  physi- 
ology entered  on  the  career  it  has  since  followed  for  the  hiRt  half 
century,  by  a  few  words  as  to  the  influence  exercised  on  general  physi- 
ological theory  by  tbe  progress  of  research.  We  have  seen  that  no 
real  iulvance  was  made  until  it  became  possible  to  investigate  the  phe- 
nomena of  life  by  methods  which  approached  more  or  less  closely  to 
those  of  the  physicist,  in  exactitucle.    The  methods  of  investigation 

'The  " I'utersucbuugen  fiber  thleriaclie Electricitiit "  appeared iu  1848;  Ludwig'» 
'cBoiirvUes  on  tliu  cir<^iilatii>n,  which  iuclndcd  the  first  description  of  the  "  kjmo- 
'kph"  and  sprved  an  tlie  foundation  of  the  "(graphic  method"  iu  1847;  Helmholti'a 
tarch  DO  the  propagatiou  in  motor  iiitvuh  id  1851. 
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being  pbyfiical  or  cliemical,  tlie  organism  itself  naturally  eauie  to  be 
eoDsidered  as  a  complex  of  sucb  iTOceBHes,  and  nothingmore.  And  in 
particular  the  idea  of  adaptation,  wbicb,  as  I  have  endeavored  to  show, 
is  uota  conHeqaence  of  organism,  but  its  essence,  was  in  great  measure 
lost  Might  of.  Not,  I  think,  because  it  was  any  naore  possible  than 
before  to  conceive  of  theorganism  otherwise  thaa  a«  aworking  together 
uf  parts  for  the  good  of  tbe  whole,  but  rather  that,  if  1  may  so  express 
it,  the  minds  of  men  were  so  occupied  with  new  facts  that  they  had  not 
time  to  elaborate  theories.  Tbe  old  meaning  of  tbe  term  "  adaptation" 
a8  the  equivalent  of  "  design  "  had  been  abandoned,  and  no  new  mean- 
ing had  yet  been  given  to  it,  and  consetjuently  the  word  "  mechanism  " 
came  to  be  employed  as  the  equivalent  of  "  process,"  as  if  the  constant 
concomitance  or  sequence  of  two  events  was  in  itself  a  suflQcient  reason 
for  assuming  a  mechanical  relation  between  tbem.  As  in  daily  life  so 
also  in  science,  the  misuse  of  words  leads  to  misconceptions.  To  assert 
that  the  link  between  a  and  b  is  mechanical,  for  no  better  reason  than 
that  b  always  follows  a,  is  an  error  of  statement,  which  is  apt  to  lead 
the  incautious  reader  or  bearer  to  imagine  that  tbe  relation  between  a 
and  b  is  understood,  when  in  favt  its  nature  may  be  wholly  unknown. 
Whether  or  not  at  the  time  which  we  are  considering  some  physiolog- 
ical writers  showed  a  teudemry  to  commit  this  error,  I  do  not  think  that 
it  found  expression  in  any  geneially  accepted  theory  of  life.  It  may 
however  be  admitte<l  that  the  rapid  progress  of  exi>erimental  investi- 
gation led  to  too  confident  anticipations,  and  that  to  some  enthusiastic 
minds  it  appeared  as  if  we  were  approaching  within  measurable  dis- 
tance of  the  end  of  knowledge.  Such  a  tendency  is,  I  think,  a  natural 
reiiult  of  every  signal  advance.  In  an  eloquent  Harveian  oration, 
delivered  last  autumn  by  Dr.  Bridges,  it  was  indicated  how,  after  Har- 
vey's great  discovery  of  the  circulation,  men  were  too  apt  to  found  upon 
it  explanations  of  all  phenomena  whether  of  health  or  disease,  to  such 
an  extent  that  the  practice  of  medicine  was  even  jirejudicially  afieeted 
by  it.  In  respect  of  its  scientific  importance  the  eiKtch  we  are  consid- 
ering may  well  be  compared  with  that  of  Harvey,  and  may  have  been 
followed  by  an  undue  preference  of  the  new  as  compared  with  tbe  old, 
but  no  more  permanent  unfavorable  results  have  sliown  themselves. 
As  regards  the  science  of  medicine,  we  need  only  remember  that  it  was 
during  tbe  years  between  1845  and  18fi0,  that  Vircbow  made  those 
researches  by  which  he  brought  tbe  processes  of  disease  into  imme- 
diate relation  with  the  normal  processes  of  cell  development  and 
growth,  and  so,  by  making  pathology  a  part  of  physiology,  secured  its 
subsequent  progress  and  its  influence  on  practical  medicine.  Similarly 
in  physiology,  tbe  achievement  of  those  years  led  on  without  any  inter- 
ruption or  drawback  to  those  of  the  following  generation;  while  in 
general  biology  the  revolution  in  the  mode  of  regarding  the  internal 
processes  of  tbe  animal  or  plant  organi-sm  which  resnlted  from  these 
achievements,  prepared  the  way  for  the  acceptance  of  the  still  greater 
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revolution  which  the  Darwinian  epocli  brought  about  in  the  views 
entertained  by  naturaliats  of  tlie  relations  of  plants  and  animals  to 
eacli  other  and  to  tlieir  surroundings. 

It  has  beeu  said  that  every  science  of  observatiou  begins  by  going 
out  botanizing,  by  which,  I  suppose,  is  meant  that  collecting  and  record- 
ing observations  is  the  first  tiling  to  be  done  in  eotertng  on  a  new  flel<l 
of  inquiry.  The  remark  would  scarcely  be  true  of  physiology,  even  at 
the  earliest  stage  of  its  develo))nicnt,  for  the  most  elementary  of  Jt« 
focts  could  scarcely  be  picked  up  as  one  gathers  flowers  in  a  wood. 
Each  of  the  processes  which  go  to  make  up  the  complex  of  life  reqaires 
separate  investigatiou,  and  in  each  case  the  investigation  must  consist 
in  flrst  splitting  up  the  process  into  its  constituent  phenomena,  and 
then  determining  their  relation  to  each  other,  to  the  process  of  which 
they  form  part,  and  to  the  conditions  under  which  they  manifest  them- 
selves. It  will,  I  think,  be  found  that  even  in  the  simplest  inquiry  into 
the  nature  of  vital  processes  some  such  order  as  this  is  followed.  Thas, 
for  example,  if  muscular  contraction  be  the  subject  on  which  we  seek 
information,  it  is  obvious  that,  in  order  to  measure  its  doratioD,  the 
mechanical  work  it  accomplishes,  the  beat  wasted  in  doing  it,  the  elec- 
tro-motive forces  which  it  develops,  and  the  changes  of  form  associated 
with  these  phenomena,  special  modes  of  observation  must  be  osed  for 
each  of  them,  that  each  measurement  must  be  in  the  first  instance 
separately  made,  under  special  conditions,  and  by  methods  specially 
adapted  to  the  required  purpose.  In  the  synthetic  part  of  the  inquiry 
the  guidance  of  experiment  must  again  be  sought  for  the  purpose  of 
discriminating  between  appai-ent  and  real  cau^s,  and  of  determining 
the  order  in  which  the  phenomena  occur.  Even  the  simplest  experi- 
mental investigations  of  vital  processes  are  beset  with  difficulties.  For, 
in  addition  to  the  extreme  complexity  of  the  plionomena  to  beexamined 
and  the  uncertainties  which  arise  ftx>m  the  relative  inconstancy  of  the 
conditions  of  all  that  goes  on  in  the  living  organism,  there  is  this  addi- 
tional drawback,  that,  whereas  in  the  exact  sciences  exi)erimeut  is 
guided  by  well-ascertaine<l  laws,  here  the  only  principle  of  universal 
apx>l)cation  is  that  of  adaptation,  and  that  even  this  can  not,  like  a 
law  of  physics,  be  taken  as  a  basis  for  deductions,  but  only  as  a  sum- 
mary expression  of  that  relation  between  external  exciting  canses  and 
the  reactions  to  which  they  give  rise,  which,  in  accordance  with  Tre- 
viranus'  definition,  is  the  essential  character  of  vital  activity. 

THE  .SPKCIFIC  ENERGIES  OF  THE  ORGANISM. 

When,  in  1826,  J.  Miiller  was  eng-aged  in  investigating  the  physioktgy 
of  vision  and  hearing,  he  introduced  into  the  discussion  a  term,  "  spe- 
cific energy,"  the  use  of  whit^h  by  llclniholt/.*  in  his  physiological  writ- 
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ings  bas  rendered  it  familiar  to  all  studeutB.  Both  writers  menu  by 
the  word  energy,  not  the  "capacity  of  doing  work,"  but  simply  acric%, 
using  it  in  its  okl- fashioned  meaning,  that  of  the  Greek  word  from 
which  it  is  derived.  With  the  qualification  "  specittc,"  it  serves,  iwr- 
haps,  better  than  any  other  expression  to  indicate  the  way  in  which 
adaptation  manifests  itself.  In  this  more  extended  sense  the  "specific 
energy  "  of  a  part  or  organ — whether  that  part  bo  a  secreting  cell,  a 
motor  cell  of  the  brain  or  spinal  cord,  or  one  of  the  iihotogenons  cells 
which  produce  the  light  of  the  glowworm,  or  the  protoplasmic  plate 
which  generates  the  discharge  of  the  torpedo — is  simply  the  special 
action  which  it  normally  {wrforms,  its  norma  or  rule  of  action  being  in 
each  instance  the  interest  of  the  organium  as  a  whole  of  which  it  forms 
part,  aud  the  exciting  cause  some  intluence  outside  of  the  excited  struc- 
ture, technically  called  a  stimulus.  It  thus  stands  for  a  characteristic 
of  living  structures  which  seems  to  be  universal.  The  apparent  excep- 
tions are  to  be  found  in  those  bodily  activities  which,  following  Bicbat, 
we  call  vegetative,  because  they  go  on,  so  to  speak,  as  a  matter  of 
course;  but  the  more  closely  we  look  into  them  the  more  does  it  appear 
that  they  form  no  exception  to  the  general  rule,  that  every  link  in  the 
chain  of  living  action,  however  uniform  that  action  may  be,  is  a  response 
to  an  antecedent  influence.  Nor  can  it  well  be  doubted  that,  as  every 
living  cell  or  tissue  is  culled  upon  to  act  iu  the  interest  of  the  whole, 
the  organism  must  be  capable  of  influencing  every  pnrt  so  as  to  regu- 
late its  action.  For,  although  there  are  simie  instances  iu  which  the 
channels  of  this  influence  are  as  yet  unknown,  the  tendcn<-y  of  recent 
investigations  has  been  to  diminish  the  uninber  of  such  iiistaucca.  In 
general  there  is  do  difficulty  in  determining  both  the  nature  of  the  een. 
tral  influence  exercised  and  the  relation  between  it  and  the  normal 
function.  It  may  help  to  illustrate  this  relation  to  refer  to  the  express- 
ive word^iM^usun^,  by  which  it  has  for  many  years  been  designated  by 
German  writers.  This  word  stands  for  the  performance  of  function  by 
the  "letting  ofl"  of  **  specific  energies."  Carrying  out  the  notion  of 
"letting  off"  as  expressing  the  link  between  action  and  reaction,  we 
might  compare  the  whole  process  to  the  mode  of  working  to  a  re|>eatiiig 
clock  (or  other  similar  mechanism),  in  which  ease  the  pressuie  of  the 
finger  on  the  button  would  represent  the  external  influence  or  stimulus, 
the  striking  of  the  cloek,  the  normal  reaction.  And  now  may  I  ask 
you  to  coauider  in  detail  one  or  two  illustrjitions  of  physiological 
reaction^-of  the  letting  off  of  specific  energy  f 

The  repeater  may  serve  as  a  good  example,  inasmuch  as  it  is,  iu  bio- 
logical language,  a  highly  difi'erentiated  structure,  to  which  a  single 
function  is  assigned.  So  also  in  the  Uving  organism,  we  find  the  best 
examples  of  specific  energy  where  Mtiller  found  them,  namely,  in  the 
most  diflferentiated,  or,  as  we  are  apt  to  call  them,  the  highest  structures. 
The  retina,  with  the  part  of  the  brain  which  belongs  to  it,  together  con- 
stituto  such  a  structure,  and  will  alloiil  as  therefore  the  illustration  we 
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want,  with  this  advaiitago  for  our  prewiit  purpose,  tliat  the  pbeiiomena 
are  such  as  we  all  liave  it  iu  our  ijower  to  observe  in  ourselves.  lu  tbe 
visual  apparatus  tlie  principle  of  normality  of  reaction  is  fiilly  exem- 
plified. Ill  the  physical  seuse  the  word  "  light"  stands  foratther  vibra- 
tions, but  in  tbe  sensuous  or  subjective  sense  for  sensations.  Tbe  awin^ 
arc  the  stiiiiulus,  the  sensations  are  the  reaction.  Betweeu  the  two 
comes  tbe  link,  tbe  "letting  off,"whictiitis  our  business  to  understand. 
Here  let  us  remember  that  the  man  who  first  recognized  this  distinction 
between  the  physical  aud  the  physiological  was  not  a  biologist,  but  a 
physicist.  It  was  Young  who  first  made  clear  (though  his  doctrine  fell 
on  unappreciative  ears)  that,  although  in  vision  the  external  iuHnences 
which  give  rise  to  the  sensation  of  light  are  infinitely  varied,  the 
responses  neednot  be  more  than  three  in  number,  each  being  iuMiiller*H 
language,  a  "specific,  energy  "  of  some  part  of  the  visual  apparatus. 
We  speak  of  the  organ  of  vision  as  highly  differentiated,  an  eicpressioD 
which  carries  witli  it  the  suggestion  of  a  distinction  of  rank  between 
differeut  vital  processes.  The  suggestion  is  a  true  one,  for  it  would  be 
possible  to  arrange  all  those  parts  or  organs  of  which  the  hodiesof  the 
higher  animals  consist  in  a  scries,  placing  at  the  lower  end  of  the  series 
those  of  which  the  functions  are  continuous,  and  therefore  called  vege- 
tative; at  the  other,  those  highly  specialized  structures,  ase.  g.,  those, 
iu  the  brain,  which  in  response  to  physical  light  produce  physiological, 
that  is  subjective,  light ;  or,  to  take  another  instance,  the  so-called  motor 
cells  of  the  surface  of  the  brain,  which  in  response  to  a  stimulus  of  much 
greater  complexity  produce  voluntary  motion.  Andjustaa  in  civilized 
society  an  individual  is  valued  according  to  his  power  of  doing  one 
thing  well,  so  the  high  rank  which  is  assigned  to  tbe  structure,  or 
rather  to  the  "specific  energy"  which  it  represents,  belongs  to  it  by 
virtue  of  its  specialization.  And  if  it  be  asked  how  this  conformity  ia 
manifested,  the  an.swer  is,  by  tbe i|uaUty,  intensity,  duration,  and  exteu- 
siciii  of  the  response,  in  all  which  respects  vision  serves  as  so  good  an 
au  example,  that  we  can  readily  understand  how  it  happened  that  it 
was  in  this  field  that  the  relation  between  response  and  stimulus  was 
first  clearly  recognize<l.  I  need  scarcely  say  that,  however  interesting 
it  might  be  to  follow  out  tbe  Ihies  of  inquiry  thus  indicated,  we  can  not 
attempt  it  this  evening.  All  that  I  can  dois  to  mentiou  oneor  two 
recent  observations  which,  while  they  serve  as  illustrations,  may  i>er- 
haps  be  sufiieiently  novel  to  interest  eveu  those  who  are  at  home  in  tbe 
subject. 

Probably  every  one  is  ac^quaiiited  with  some  of  the  familiar  proofs 
that  an  object  is  seen  for  a  much  longer  period  than  it  is  actually 
exposed  to  view;  that  the  visual  reaction  lasts  much  longer  than  its 
cause.  More  precise  observations  teach  us  that  this  r""""-""  i^  regu- 
lated according  to  laws  which  it  has  in  coinnt'  igher 
functions  of  an  organism.  If,  for  example,  tlie  -  f  the 
torpedo  are  "let  ott" — that  is,  awakened  by  an  —the 
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dectricivl  discharge,  which,  as  in  the  case  uf  vision,  follows  after  a  cer- 
tain interval,  lasts  a  certain  time,  first  rapidly  iucreasiug  to  a  oiaxi- 
mnm  of  intensity,  then  more  slowly  diminishing.  In  like  manuer,  as 
regards  the  visual  apparatus,  we  have,  in  the  response  to  a  sudden 
invasion  of  the  eye  by  light,  a  rise  and  fall  of  a  similar  character.  In 
the  case  of  the  electrical  organ,  and  in  many  analogons  instances,  it  is 
eH«y  to  investigate  the  time  relations  of  the  successive  pbeuomena,  so 
as  to  represent  them  graphically.  Again,  it  ia  found  that  in  many 
physiological  reactions,  the  period  of  rising  "energy"  (as  Helmholtz 
called  it)  is  followed  by  a  period  during  which  the  responding  struc- 
ture is  not  only  inactive,  but  its  capacity  for  energizing  is  so  com- 
pletely lost  that  the  same  exciting  cause  which  a  moment  before  "  let 
off"  the  characteristic  response  is  now  without  effect.  As  regards 
vision,  it  has  long  been  helievetl  that  these  general  characteristics  of 
physiological  reaction  have  their  counterpart  in  the  visual  process,  the 
most  striking  evidence  being  that  in  the  contemplation  of  a  lightning 
flash — or  better,  of  an  tnstiiutatieously  illuminated  white  disk* — the 
eye  seems  to  receive  a  double  stroke,  indicating  that  although  the 
stimulus  iH  single  and  instantaneous,  the  response  is  reduplicated. 
The  most  precise  of  the  methods  we  until  lately  poBsessefl  for  investi- 
gating the  wax  anil  wane  of  the  visual  reation,  were  not  only  difficult 
to  carry  out  but  left  a  large  margin  of  uncertainty.  It  was  therefore 
particularly  satisfactory  when  M.  Oharpentier,  of  Nancy,  whose  merits 
as  an  investigator  are  perhaps  less  known  than  they  deserve  to  be, 
devisedanexperimeiit  of  extreme  simplicity  which  enables  us,  not  only 
to  observe,  but  to  measure  with  great  facility  both  phases  of  the  reac. 
tiou.  It  is  difficult  to  explain  even  the  simplest  apparatus  without 
diagrams;  you  wi  II  however  understand  the  experiment  if  you  will 
imagine  that  you  are  contemplating  a  disk,  like  those  ordinarily  used 
for  color  mixing;  that  it  is  divided  by  two  radial  lines  which  diverge 
from  each  other  at  an  angle  of  6(P;  that  the  sector  which  these  lines 
kielose  is  white,  the  rest  black ;  that  the  disk  revolves  slowly,  about 
once  in  two  seconds.  You  then  see  close  to  the  front  edge  of  the 
advancing  sector,  a  black  bar,  followed  by  a  second  at  the  same  dis- 
tance from  itself  but  much  fainter.  Now,  the  scientific  value  of  the 
experiment  consists  in  this,  that  the  angular  distance  of  the  bar  from 
the  black  border  is  m  proportion  to  the  frequency  of  the  revolutions — 
the  faster  the  wider.  If,  for  example,  when  the  disk  makes  a  half  rev- 
olution in  a  second  the  distance  is  ten  degrees,  this  obviously  means 
that  when  light  bursts  into  the  eye,  the  extinction  happens  one-eight- 
eenth of  a  second  after  the  excitation.t 

'  Tbo  phenomenon  is  beat  seen  vhen,  in  a  dark  room,  the  lljtht  of  »  luminoue 
apark  is  throwa  onto  a  white  screen  with  the  aid  of  a  suitablo  Inns. 
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The  fact  thus  dcmouatrated,  that  th«  viKual  reacttoa  cuoseqaent  on 
aaingtantaneuusiUuininatioii  exhibits  the  alternations  I  have  described, 
has  enabled  M.  Gharpentier  to  make  out  another  fiwt  in  relation  to  the 
visual  reactjou  whit^h  is,  I  tbtuli,  of  equal  iuiportauce.  lu  all  the 
instances,  excepting  the  retina,  in  which  the  physiological  respouse  to 
stimnlus  haa  a  defiuito  time  limibition,  and  in  so  far  resembles  an  explo- 
sion— in  other  words,  in  all  tlie  higher  forms  of  specific  energy,  it  can 
be  showu  experimentally  that  the  process  is  propagated  from  the  part 
first  directly  acted  on  to  other  contiguous  parts  of  similar  endovrment. 
Tbns,  in  the  simplest  of  all  known  pheuomena  of  this  kind,  the  elec- 
trical change,  hy  which  the  leitf  of  the  Dionroa  plant  responds  to  the 
slightest  touch  of  itn  sensitive  hairs,  is  propagated  fVom  one  side  of  the 
leaf  to  the  other,  so  that  in  the  opposite  lol>e  the  response  occurs  after 
a  delay  which  is  proportional  to  the  distance  between  the  spot  excited 
and  the  spot  observed.  That  in  the  retina  there  is  also  such  propaga- 
tion has  not  only  been  surmised  from  analogy,  but  inferred  from  certain 
observed  facts.  M.  Charpeiitier  has  noiv  been  able  by  a  method  which, 
althouf;h  simple,  I  must  not  attempt  to  detuiribe,  not  only  to  prove  its 
existence,  but  to  measure  its  rate  of  progress  over  the  visual  field. 

There  is  another  aspect  of  the  %isual  response  to  thestimalnsof  light 
which,  if  I  am  not  trespassing  too  long  on  your  patience,  may,  I  think, 
be  interesting  to  consider.  As  the  relations  between  the  sensations  of 
color  and  the  physical  properties  of  the  light  which  excites  them,  are 
among  the  most  certain  and  invariable  in  the  whole  range  of  vital  reac- 
tions, it  is  obvious  that  they  afford  as  fruitfiil  a  Weld  for  physiological 
investigation  as  those  in  which  white  light  is  concerned.  We  have  on 
one  side  physical  facts,  that  is,  wave  lengths  or  vibration-rates;  on  the 
other,  facts  in  consciousness — namely,  sensations  of  color — so  simple 
that  notwithstanding  their  subjective  character  there  is  no  difficulty  in 
measuring  either  their  intensity  or  their  duration.  Between  these  there 
are  linea  of  influence,  neither  physical  nor  psychological,  which  pass 
from  the  former  to  the  latter  through  the  visual  apparatus  (retina,  nerve, 
brain).  It  is  these  lines  of  influence  which  interest  the  physiologist 
The  strui^ture  of  the  visual  apparatus  affords  ns  no  clews  to  trace  them 
by.  The  most  important  fact  we  know  about  them  is  that  they  most 
be  at  leiist  three  in  number. 

It  has  been  lately  assumed  by  some  that  vision,  like  every  other 
specific  energy,  having  been  developed  progressively,  objects  were  seen 
by  the  most  elementary  forms  of  eye  onlv  in  chiarositaro.  that  nfT«r. 
wards  some  colors  were   distinguished 
hearing  it  is  so.    The  organ  which,  on  st 
to  represent  that  of  hearing  in  animals 
tion — as,  e.  g.,  in  the  Ctenophora — has  i 
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errua  octavna,"  Wieabftden,  1692). 
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coDters  on  its  i^asessor  the  power  of  jadgiug  of  the  direction  of  its 
own  movemeDt^  ia  the  water  ia  which  it  swims,  and  of  guiding  these 
movememts  accordingly.  Ia  the  lowest  vertebrates,  an,  e.  g.,  in  the 
dogfish,  although  the  auditory  apparatus  is  much  more  complicated 
in  structure,  and  plainly  corresponds  with  our  own,  we  still  find  the 
pMiicular  part  which  is  concerned  in  hearing  scarcely  traceable.  All 
that  is  provided  for  is  that  sixth  sense,  which  the  higher  animals  also 
possess,  and  which  enables  them  to  judge  of  the  direction  of  their  own 
movements.  But  a  stage  higher  in  the  vertebnite  series  we  find  the 
special  mechanisms  bywhioh  we  ourselves  appreciate  sounds  beginning 
toapi>ear — not  supplanting  or  taking  the  place  of  the  imperfect  organ, 
but  added  to  it.  As  regards  hearing,  therefore,  a  new  function  is 
acquired  without  any  transformatioa  or  fusion  of  the  old  into  it.  We 
ourselves  possess  the  sixth  sense,  by  which  we  keep  our  balance  and 
which  serves  as  the  guide  to  our  bodily  movements.  It  resides  in  the 
partof  the  internal  ear  which  is  called  the  labyrinth.  At  the  same  time 
we  enjoy  along  with  it  the  possession  of  the  cochlea,  that  more  compli- 
cated apparatus  by  which  we  are  able  to  hear  sounds  and  to  discriminate 
their  vibration-rates. 

As  regards  vision,  evidence  of  this  kind  is  wanting.  There  is,  so  far 
as  I  know,  no  proof  that  visual  organs  which  are  so  imperfet^t  as  to  be 
incapable  of  distinguishing  the  forms  of  objects,  may  not  be  affected 
differently  by  their  colors.  Even  if  it  could  be  shown  that  the  least 
perfectiforms  of  eye  possess  only  the  power  of  discriminating  between 
light  and  darkness,  the  question  whether  in  our  own  such  a  focalty 
exists  separately  from  that  of  distinguishing  colors  is  one  which  can 
only  be  settled  by  experiment.  As  in  all  sensationsof  color  the  sensation 
of  brightness  is  mixed,  it  is  obvious  that  one  of  the  flrnt  points  to  be 
determined  is  whether  the  latter  represents  a  "specific  energy"  or 
merely  a  certain  combination  of  si[>ecific  energies  which  are  excited  by 
colors.  The  question  is  not  whether  there  is  such  a  thing  as  white 
light,  but  whether  we  possess  a  separate  faculty  by  which  we  judge  of 
light  and  shade — a  question  which,  although  we  have  derived  our 
knowledge  of  it  chiefly  from  .physical  experiment,  is  one  of  eye  and 
brain,  not  of  wave-lengths  or  vibration-rates,  and  is  therefore  essen- 
tially physiological. 

There  is  a  German  proverb  which  says,  "Bei  Nacbt  sind  ^lle  Klatzen 
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this  tells  UH  of  the  8i>ecific  energy  of  tbe  viHttal  apparatoK.  Whether 
or  not  tbe  foculty  by  which  we  see  gray  in  the  dark  is  one  which  we 
possess  in  comiuon  with  animals  of  imperfectly  devetoi)ecl  vision,  there 
seems  little  doubt  that  there  are  individuals  of  oar  own  species,  who, 
in  the  fullest  sense  of  the  expression,  have  no  eye  for  color;  in  whom 
all  color  sense  is  absmit;  persons  who  inhabit  a  world  of  gray,  seeing 
all  things  as  they  might  have  done  bad  they  and  their  ancestors  always 
lived  nocturnal  lives.  In  tbe  theory  of  color  vision,  as  it  is  commonly 
stated,  no  reference  is  made  to  such  a  faculty  as  we  Ore  now  discussiug. 
Prof  Bering,  whose  observations  as  to  the  diminished  spectrum  I 
referred  to  just  aow,  who  was  among  the  first  to  subject  the  vision  of 
the  totally  color-blind  to  accurate  examination,  ia  of  opinion,  on  that 
and  on  other  grounds,  that  tbe  sensation  of  light  and  shade  is  a  speciQc 
&culty.  Very  recently  the  same  view  has  been  advocated  on  a  wide 
basis  by  a  distinguished  psychologist,  Prof.  Ebbinghaos.*  Happily,  as 
regards  the  actnal  ex]>erimental  results  relating  to  both  these  uiain 
subjects,  there  seems  to  be  a  <;oini>lete  coincidence  of  observation 
between  observers  who  inter|n^t  them  differently.  Thus  tbe  recent 
elaborate  investigations  of  Capt.  Abneyi  (with  Gen.  Festing),  repre- 
senting graphically  tbe  results  of  his  measurements  of  the  subjective 
values  of  the  different  parts  of  the  diminished  spectrum,  as  well  as 
those  of  the  fully  illuminated  spectrum  as  seen  by  the  totally  color-blind, 
are  in  tbe  closest  attcord  with  tbe  observations  of  Hering,  and  have 
moreover  been  substantially  confirmed  in  both  |>oints  by  the  measure- 
ments of  Dr.  Konig  in  Helmholtz'  laboratory  at  Berlin. (  That  observ- 
ers of  such  eminence  as  the  three  persons  whom  I  have  mentioned, 
employing  different  methods  and  with  a  different  purpose  in  view,  and 
without  reference  to  each  other's  work,  should  arrive  in  so  complic-ated 
an  inqniry  at  coincident  results,  augurs  well  for  the  speedy  settlement 
of  this  long-debated  question.  At  present  the  infereuce  seems  to  be 
that  such  a  specific  energy  as  Hering's  theory  of  vision  imstulates  actu- 
ally exists,  and  that  it  has  for  associates  thecolor-iterceiving  activities 
of  tbe  visual  apparatus,  provided  that  these  are  present;  but  tliat 
whenever  the  intensity  of  the  illumination  is  below  the  chromatic 
threshold — that  is,  too  feeble  to  awaken  these  activities — or  when,  as 
in  the  totally  color-blind,  tbeyare  wanting,  it  manifests  itself  independ- 
ently; all  of  which  can  be  most  easily  understomi  on  such  a  hypothesis 
as  has  lately  been  suggested  iu  an  ingenious  pai>er  by  Mrs.  Ladd 

'Ebbinghans,  "Tbeorie  dea  FarbeDsehenH,"  Zfilichr  f.  Figdiol.,  1893,  vol.  v,  p. 
IW. 

tAboey  ftndFeating,  Color  Photo mc try,  Parliii.  Phil.  lYant.,  1891,  vol.  clxxxui, 
A,  p.  531. 

lKunig,"Uflberileti  Helliglceitwertli  iler  Spectral farben  bei  T«nohi«d«iier  abaoln- 
\eT  IntensiXat,"  Beitriige  lar  Ptgcholagie,  etc.,  "  Fealacbcirt  zu  H.  von  Helinholts,  TO. 
leburtAtage,"  1891,  p.  309, 
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Franklin,*  thateacbol'theeleiDeDteof  the  viaua)  apparatus  is  made  up 
of  a  ceutraJ  stracture  for  the  senRation  of  light  and  darkness,  with 
collateral  appeadages  for  the  sensations  of  color — it  being  of  course 
understood  that  this  is  a  mere  diagrammatic  repreaentatioa,  which 
serves  no  purjMtses  beyond  that  of  facilitating  the  conception  of  the 
relation  between  theKevcnil  "s|>cciftc  energies." 

EXPERIMENTAL  PSYOHOLOQT. 

Resisting  the  temptation  to  pursue  this  subject  further,  I  will  now 
ask  you  to  follow  nie  into  a  region  which,  although  closely  connected 
with  the  subjects  we  have  been  considering,  is  beset  with  greater  difli- 
cultiea — the  8ubjet:t  in  which,  under  the  name  of  physiological  or 
experimental  psychology,  physiologists  and  psychologists  have  of  late 
years  taken  a  wmmon  interest — a  borderland  not  between  fact  and 
fancy,  bat  between  two  methods  of  investigation  of  questions  which 
are  closely  related,  which  here,  though  they  do  not  overlap,  at  least 
iut«rdtgitate.  It  is  manifest  that,  quite  irrespectively  of  any  foregone 
conclnsion  as  to  the  dependence  of  mind  on  processes  ot  which  the 
biologist  is  accustomed  to  take  cognizance,  mind  mast  be  regarded  as 
one  of  the  "specific  energies"  of  the  organism,  and  should  on  that 
ground  be  included  in  the  sabject-matter  of  physiology.  As  however 
our  science,  like  other  sciences,  is  limited  not  merely  by  its  subject  but 
also  by  its  method,  it  actually  takes  in  only  so  much  of  psychology  as 
is  experimental.  Thus  sensation  (although  it  is  psychological),  and  the 
investigation  of  its  relation  to  the  siiecial  structnrea  by  which  the  mind 
keeps  itself  informed  of  what  goes  on  in  the  outside  world,  have  always 
been  considered  to  be  in  the  physiological  sphere.  And  it  is  by  ana- 
tomical researches  relating  to  the  minute  structure  and  to  the  develop- 
ment of  the  brain,  by  observation  of  the  facts  of  disease,  and,  above  all, 
by  physiological  experiment,  that  those  changes  in  the  ganglion  cells 
of  the  brain  and  spinal  cord  which  are  the  immediate  antecedents  of 
every  kind  of  bodily  action  have  been  traced.  Between  the  two  (that 
is,  between  sensation  and  the  beginning  of  action],  there  is  an  inter- 
vening region  which  the  physiologist  has  hitherto  willingly  resigned  to 
psychology,  feeling  his  incompetence  to  use  the  only  instmment  by 
which  it  can  be  explored — that  of  introspection.  This  consideration 
enables  us  to  understand  the  course  which  the  new  study  (I  will  not 
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carbon  and  consequent  disengagement  of  oxygen  is  moat  nctivu  iu  the 
part  of  the  filament  wiiicli  receives  the  red  rays  (B  to  C). 

To  this  part  therefore  vbere  there  is  a  dark  baud  of  absorption, 
the  bacteria  which  want  oxygen  are  attracted  in  crowds.  The  motive 
which  brings  them  together  .is  tbeirdeaire  for  oxygen.  I*t  as  compare 
other  instances  in  which  the  eonrce  of  attraction  is  food. 

The  pJasniodia  of  the  Myxomyeete*,  particularly  one  which  has  been 
recently  investigated  by  Mr.  Arthur  Lister,"  may  be  taken  as  a  typical 
instance  of  what  may  be  called  the  chemical  allurement  of  living  proto- 
plasm. In  this  organism,  which  in  the  active  state  is  au  expansion  of 
labile  living  material,  the  delicacy  of  the  reaction  is  iiomjiarable  to  that 
of  the  sense  of  smell  in  those  animals  in  which  the  olfactory  organs  are 
adapted  to  an  aquatic  life.  Jnst  as  for  example  the  dogfish  is  attracted 
by  food  which  it  can  not  see,  so  the  Plasmodium  of  liadkamta  becomes 
aware,  as  if  it  smelled  it,  of  the  presence  of  its  food — a  particular  kind 
of  fungus.  I  have  no  diagram  to  explain  this,  but  will  ask  you  to 
imagine  an  expansion  of  living  material,  quite  structureless,  spreading 
itself  along  a  wet  surface;  that  this  expansion  of  transparent  material 
is  bounded  by  an  irregular  coast  line;  and  that  somewhere  near  the 
coast  there  has  been  placed  a  fragment  of  the  material  on  which  the 
Badkamia  feeds.  The  presence  of  this  bit  of  Stereum  produces  an 
excitement  at  the  part  of  the  Plasmodium  next  to  it.  Towards  this 
center  of  activity  streams  of  living  material  converge.  8oon  the  afflux 
leads  to  an  outgrowth  of  the  Plasmodium,  which  in  a  few  minutes 
advances  towards  the  desired  fVagmeut,  envelops,  and  incorporates  it. 

May  I  give  you  another  example  also  derived  from  the  physiology  of 
plants!  Very  shortly  after  the  imblication  of  Engelmanu's  observa- 
tions of  the  attraction  of  bacteria  by  oxygen,  Pfefl'er  made  the  remark- 
able discovery  that  the  movements  of  the  antherozoids  of  ferns  and  of 
mosses  are  guided  by  imjiressions  derived  from  chemical  sources,  by  the 
allurement  exercised  uiMtn  them  by  certain  cbemieal  substances  in  solu- 
tion— in  one  of  the  instances  mentioned,  by  sugar,  in  the  other  by  an 
organic  acid.  The  metbo<l  consisted  iu  introducing  the  substance  to  be 
tested,  in  any  required  strength,  into  a  minut«  capillary  tube  closed  at 
one  end,  and  placing  it  under  the  microscope  in  water  inhabited  by 
antherozoids,  which  tbereuiiou  showed  their  predilection  for  the  sub 
stance,  or  the  contrary,  by  its  effect  on  their  uiovemcuts.  In  accordance 
with  the  principle  followed  in  experimental  psychology,  Pfetfert  made 
it  his  object  to  determine,  not  the  relative  effet^ts  of  different  doses,  but 
the  smaJlest  perceptible  increase  of  dose  which  the  organism  was  able 
to  detect,  with  this  result — that,  just  as  in  measurements  of  the  rela- 
tion between  stimulus  and  reaction  in  ourselves  we  liod  that  the  sensa- 

'  Ligter,  "Ob  tbu  Ploamodiuui  of   /tniJAamia  utrieularii,  etc.     Annals  vf  Botany, 
No.  5,  Jniie,  18K8. 
IPfeffer,  VnUrauch.  a.  d.  hotaa.  InitilHle  i.  TiiliingtH,  vol.  i,  ii:irt  U,  1884. 
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shown  that  tbe  process  of  destruction  ia  »  chemical  one,  that  the 
destructive  a^nt  has  its  8onrc«  in  the  cbemiotactic  cells — that  is,  cells 
-whiuh  act  under  the  orders  of  cliemteal  stimuli.  Tm'o  Cambridge 
observers,  Mesbis.  Eantliack  and  Hardy,*  have  lately  shown  that,  in 
the  i>articular  instance  which  they  have  investigated,  the  cells  which 
are  most  directly  concerned  in  the  destruction  of  morbific  bacilli, 
although  cbemiotactic,  do  not  possess  the  power  of  incorporating  bacilli 
or  particles  of  any  other  kind.  While  therefore  we  must  i-egard  the 
relation  between  the  process  of  devitalizing  and  that  of  incorporating 
as  not  yetsuEBciently  determined,  it  is  now  no  longer  possible  to  regard 
the  latter  as  essential  to  the  former. 

There  Beems  tberefoi-e  to  be  very  little  doubt  that  cbemiotactic  cells 
are  among  the  agents  by  which  the  human  or  animal  organism  protects 
itself  against  infection.  There  are  however  many  questions  connected 
with  this  action  which  have  not  yet  been  answered.  The  first  of  these 
are  chemical  ones — that  of  the  nature  of  the  attractive  substance  and 
that  of  the  process  by  which  the  living  carriers  of  infection  are 
destroyed.  Another  point  to  be  determined  is  how  far  the  process 
admits  of  adaptation  to  the  particular  infection  which  is  present  in 
each  case,  and  to  the  state  of  hability  or  immunity  of  the  infected  indi- 
vidual. The  subject  is  therefore  of  great  complication.  None  of  the 
points  I  have  suggested  can  be  settled  by  experiments  in  glass  tubes 
such  as  I  have  described  to  you.  These  serve  only  as  indications  of  the 
course  to  be  followed  in  much  more  complicated  and  ditticult  investiga- 
tions, when  we  have  to  do  with  acute  diseases  as  they  actually  aflect 
ourselves  or  auimals  of  similar  hability  to  ourselves,  and  find  ourselves 
face  to  face  with  the  question  of  thpir  causes. 

It  is  possible  that  many  members  of  the  association  are  not  aware  of 
the  unfavorable — I  will  not  say  discreditable — position  that  this  coun- 
try at  present  occupies  iti  relation-  to  the  scientific  study  of  this  great 
subject — the  causes  aud  mode  of  prevention  of  iufeciious  diseases.  As 
regards  administrative  efficiency  in  matters  relating  to  publitt  health, 
England  was  at  one  time  far  ahead  of  all  other  countries,  and  still 
retains  its  superiority ;  but  as  regards  scientific  knowledge  we  ai-e,  iu  this 
subject  as  in  others,  content  to  borrow  from  our  neighbors.  Those  who 
desire  either  to  learn  the  methods  of  research  or  to  cai-ry  out  scientific 
inquiries,  have  to  go  to  Berlin,  to  Munich,  to  Breslau,  or  to  the  Pasteur 
Institute  in  Paris,  to  obtain  what  England  ought  long  ago  to  have  pro- 
vided. For  to  us,  from  the  spread  of  our  race  all  over  the  world, 
the  prevention  of  acute  infectious  diseases  is  more  important  thau  to 
any  other  uatioo.  At  the  beginning  of  this  address  I  urged  the  claims 
of  pure  science.  If  I  could,  1  should  feel  inclined  to  speak  even  more 
strongly  of  the  application  of  science  to  the  discovery  of  the  causes  of 
acute  diseases.     May  I  express  the  hope  that  the  effort  which  is  uow 
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:  •:•       Mft    »:-l 


luMMCiC  a»  . 


byCoogle 


BIOLOGY  IN  RELATION  TO  OTHER  NATURAL  SCIENCES.       461 

nomena  of  the  circulation;  and  a  century  before,  Borelli  successfully 
examioed  the  ineclianismn  of  locomotion  and  tlio  action  of  mnscles, 
without  reference  to  any,  excepting  mechanical  principles.  Similarly, 
the  foundation  of  our  present  knowledge  of  the  procexs  of  nutrition  was 
laid  in  the  researches  of  Bidder  and  Schmidt,  in  1851,  by  determina- 
tions of  the  weight  and  comp>aitioQ  of  the  body,  the  dally  gain  of 
weight  by  food  or  oxygen,  the  daily  loss  by  the  respiratory  and  other 
dischargcH,  all  of  which  could  be  accomplished  by  chemical  means. 
But  in  by  far  the  greater  tmuiber  of  physiological  investigations,  both 
methods  (the  physical  or  chemical  and  the  physiological)  must  be 
brought  to  bear  on  the  same  <iuestiou — to  cooperatefor  the  elucidation 
of  the  same  problem.  Jo  the  researches,  for  example,  which  during 
several  years  have  occupied  Prof.  Bohr,  of  Copenhagen,  relating  to  the 
exchange  of  gases  in  respiration,  he  has  shown  that  factors  purely 
physical — namely,  the  partial  pressures  of  oxygen  and  carbon  dioxide 
ill  the  blood  which  flows  through  the  pulmonary  capillaries — are,  eo  to 
speak,  interfered  with  in  their  action  by  the  "  specific  energy "  of  the 
pulmonary  tissue  in  such  a  way  as  to  render  this  fundamental  process, 
which,  since  Lavoisier,  has  justly  been  regarded  as  one  of  the  most 
important  in  physiology,  much  more  complicated  than  we  for  a  long 
time  supposed  it  to  be.  In  like  manner  Heidflnhain  has  proved  that 
the  process  of  lymphatic  absorption,  which  before  we  regardeil  as 
dei>endent  on  purely  mechanical  causes — i.  e.,  differences  of  pressure— is 
in  great  measure  due  to  the  specific  energy  of  cells,  and  that  in  various 
processes  of  secretion  the  principal  part  is  not,  as  we  were  in<ilined  not 
many  years  ago  to  believe,  attributable  to  liijuid  diffusion,  but  to  the 
same  agency.  I  wish  that  there  had  been  time  to  have  told  you  some- 
thing of  the  discoveries  which  have  been  made  in  this  particular  field 
by  Mr.  Langley,  who  has  made  the  subject  of  "specific  energy"  of 
secreting  cells  his  own.  It  is  in  investigatinns  of  this  kind,  of  which 
any  number  of  examples  could  be  given,  in  which  vital  reactions  mix 
themselves  up  with  physiciil  and  chemical  ones  so  intimately  that  it  is 
difficult  to  draw  the  line  between  them,  that  the  physiologist  derives 
most  aid  from  whatever  chemical  and  physical  training  he  may  be 
fortunate  enough  to  possess. 

There  is  therefore  no  doubt  as  to  the  advantages  which  physiology 
derives  from  the  exact  sciences.  It  could  scarcely  be  averred  that  they 
would  benefit  in  anything  like  the  same  degree  from  closer  association 
with  the  science  of  life.  Nevertheless  there  are  some  points  in  respect 
of  which  that  science  may  have  usefully  eontrftufed  to  the  advance- 
ment of  physics  or  of  chemistry.  The  discovery  of  Graham  as  to  the 
characters  of  colloid  substances  and  as  to  the  diffusion  of  bodies  in 
solution  through  membranes  would  never  have  been  made  had  not 
Graham  "plowed,"  so  to  speak,  "with  our  heifer."  The  relations  of 
certain  coloring  matters  to  oxygen  and  earbou  dioxide  would  have  been 
ttDknown  had  no  experiments  been  made  on  the  respu-atioq  of  animalB 
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May  I  illustrate  this  by  a  simple,  perhaps  too  trivial,  story,  vhich 
derivey  its  interest  from  its  having  been  told  of  the  childhood  of  one 
of  the  neatest  iiatnral  philosopherB  of  the  present  centnryl"  He  was 
even  then  possessed  by  that  insatiable  curiosity  which  is  the  first 
quality  of  the  investigator,  and  it  is  related  of  him  that  his  habitual 
questioD  was,  *'  What  is  the  go  of  itt"  and,  if  the  answer  waa  unsatis- 
factory, "  What  is  the  particular  go  of  iti"  That  north  country  boy 
became  Prof.  Clerk  Maxwell.  The  questions  he  asked  are  those  which, 
in  oar  various  ways,  we  are  ail  trying  to  answer. 

*'-Lifei>f  Clerk  Maxwell"  (Campbell  aod  O&rnett),  p.28. 
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■  FIELD  STUDY  IN  ORNITHOLOGY." 


By  H.  B.  Tbiktram,  F.  R.  S. 


It  is  difl)<ni1t  for  the  mind  to  gra»>p  the  w1vhiig«  in  biolofficil  science 
(I  u!4e  the  term  biology  in  its  wide  etymologi^ral,  not  its  recently 
restricte^l  sense)  which  has  takeu  pliu.'e  since  I  first  attended  the 
meetiDgs  of  the  British  AsKOciatiou,  some  forty  years  ago.  In  those 
days  the  now  familiar  expressions  of  "natural  selection,"  ''isolation  " 
"the  struggle  for  existence,""  the  smvivnl  of  the  fittest,"  were  unheard 
of  and  unknown,  though  many  au  observer  was  busied  in  culling  the 
faults  which  were  being  poured  into  the  lap  of  tlie  philosopher  who 
should  mold  the  first  great  ei)och  iu  natural  science  since  the  days 
of  Liunicus. 

It  is  to  the  iniiwrtance  and  value  of  field  observation  tliat  I  would 
venture  in  the  first  place  to  direct  your  attention. 

My  predecessors  in  this  chair  have  been,  of  ret^ent  years,  distin- 
guished men  who  have  searched  deeply  into  the  abstrusest  mysteries 
of  physiology.  Thither  I  do  not  presume  to  follow  them.  I  ratlier 
come  before  you  as  a  survivor  of  the  old-world  naturalist,  sis  one 
whose  researches  have  been,  uot  iu  the  laboratory  or  with  the  niicro- 
scoi>e,  but  on  the  wide  desert,  the  mouotaiu  side,  and  the  isles  of  the 
sea. 

This  year  is  the  centenary  of  the  death  of  Gilbert  White,  whom  we 
may  look  upon  as  the  father  of  field  naturalists.  It  is  true  that  Sir  T. 
Browne,  Willugbby,  and  Bay  htul  eacli,  in  the  middle  of  tlie  seventeenth 
century,  committed  various  observations  to  xiriot;  but  though  Wil- 
lugbby, at  least,  retrognizeil  the  importance  of  the  soft  parts  in  aflortl- 
ing  a  key  to  classification,  as  well  as  the  ost4.-ology,  as  may  be  seen  from 
his  observation  of  the  peculiar  formations,  in  the  Divert  [Coli/mbidw)  of 
the  tibia,  with  its  prolonged  procuemial  process,  of  whicii  he  has  given 
a  figure,  or  his  dcscriptioD  of  the  elongation  of  the  [wsterior  branches 
of  the  woodpecker's  t^jugue,  as  well  as  by  his  careful  description  of  the 
intestines  of  all  siieclmens  which  came  under  liis  notice  in  the  desh, 

'Opening  addresB  before  tbe  British  Anaociiitioii  Tor  the  Ailvanoemeut  of  ScJunce; 
at  Notiughaui,  SepUmber,  1S93,  by  the  presideut  of  tbe  Section  of  Biology.  (From 
The  Zoafoffisr,  Loudon,  October,  1893,  vol.  XVII,  pp.  361-386;  and  tfature,  Svptember 
21, 1893,  vol,  XLViii,  pp.  490.) 
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Done  of  thfeee  Kyste-matkally  noted  ibe  biibits  of  bii^  aptvf  frua  » 
occaKJoual  mentioo  mT  tlieir  oidiAi-ation.  and  ver]r  rarrij  do  tb^y  ma 
deMTJbe  tbe  egs^  Bot  White  was  the  first  obserTer  to  reco^our  h»* 
naeh  mar  ^  l«^anKd  from  tb«  life  habit«  of  binls^  Be  is  peuenSj 
eunteot  vith  recording  bt^  obser\'af ions.  leaviDg  to  otbcr»  to  speevluc 
Fond  tif  Vir^liao  qnotatious  i  lie  was  a  fellow  of  Oriel  of  tbe  hut  mt 
tnryt,  hv-  i|iioiationx  iire  oRen  maile  with  a  view  to  prore  the  scraps 
Imu  ai^-uravy  of  tbe  Roman  piiet.  as  tested  by  bi«  i  Wbiti^'K)  own  oibsa 

In  an  a^e  iut-retlnlouM  as  to  that  which  appears  to  break  tbe  ui- 
fr^rmity  (rf nature,  bat  ((uii-k  to  re^-ogoize  all  tlie  pbeiwcna  of  Ufc,  i 
ttmtraitt  arj»e«  before  the  niiml's  eye  between  tbe  abi<lin|:  stieofrth  of 
ttxf  otpje^tive  method,  which  brink's  Gilbert  White  in  touch  with  tk 
great  writen^  whose  trorkH  are  for  all  lime  and  the  transient  leebleae» 
of  ibenKMlem  introH|ie«;li%'e  philosophies,  re^etl  with  tbeproM^uof 
fr-yrlioliiiiy.  The  modem  i>sycbolugi.st  propoands  his  theory  of  bu 
aiKi  Ib^  nnivertu^.and  we  reatl  bim  and  go  on  our  way, and  straightway 
fitf^et.  llermtotiis  aud  Tlineydides  tell  a  plain  tale  in  plain  Uutgaap. 
trr  tb*r  I'liraieof  Helbonie  show»  iis  the  hawk  on  tbe  wing,  or  tfaesnaki; 
in  the  graflrf.  an  he  Haw  them  day  by  day,  and  somehow  tbe  simple  stotj 
lire*  and  move^  bim  who  reads  it  long  after  the  sabtleties  ot  thu  or 
that  pbrloiMjphical  theory  have  ha«l  their  day  and  passed  into  tbe  Umbo 
of  oblivion.  Bnt.  invalnable  as  has  been  the  esarapleof  GitN»t  Wkite 
in  teatrbing  nit  how  to  observe,  bis  field  was  a  ver}~  narrow  one,  circvB- 
MTitfed  for  the  mt^nt  part  by  the  boundaries  of  a  single  parish,  and  on 
the  fiiili|e<rt  of  geo;;raphical  distribntloD  (as  we  know  it  now)  he  toaii 
eonf.rjtiiite  nothing,  a  subject  on  which  even  tbe  best  explorers  of  tlut 
d^y  were  .^itraugely  inobservant  and  iuesaet. 

AVIAN   DISTKIBCTION. 

A  century  and  a  half  ago,  it  had  not  come  to  be  recognized  that  dis^ 
rrit'iiiion  is  (along  of  lourse  with  moqdiology  and  pbysicrfi^y)  a  mn« 
im|K>rtanl  facfpr  in  determining  the  facts  of  bioli^y.  It  is  difficolt  to 
f^riiirate  wliat  mi;;ht  have  lieeii  gained  in  the  case  of  many  ^tecies,  Dt>v 
irieirarably  lost,  had  Forster  and  the  other  companions  of  Capt.  Cook. 
to  siiy  nothing  of  many  previous  voyagers,  had  the  slightest  CMkceptiw 
of  the  ini[»».rtanr*  of  noting  the  esaet  loadity  of  each  specimen  they 
coMfcterl.  They  seem  s<rarcely  to  have  recognize<l  the  specific  distiiK 
tions  of  the  characteristic  genera  of  the  Pacific  Islands  at  all,  or  if  they 
did,  to  have  dismissed  them  with  the  remark, '-On  this  island  was 
found  a  flycatcher,  a  pigeon,  or  a  parrot  similar  to  those  found  in  Se* 
Holland,  but  withwhitetnil  feathers  instead  of  black,  anorange  instead 
of  a  scarlet  breast,  or  red  shoulders  instead  of  yeUow."    As  we  tnm 

over  the  pages  of  Latham  or  abf-    *■ '*en  do  we  find  tor  loeaKtr 

one  of  the  islands  of  the  Son'  ven  where  the  locality  L" 

given,  siibseciuent  research  ha  «us,  as  though  the  sped 
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meus  hud  been  Hiibseqiieiitly  tivketed;  I^  Vaillaut  deRcril>ed  many  of 
his  Soiitli  African  birds  from  memory.  Thus  Iiatliam,  aft^r  describing 
very  octiuxately  KMpidura  Jiabetti/era,  from  the  south  island  of  New 
Zealand,  remarks,  apparently  on  Forster'tt  authority,  that  it  it*  subject 
to  variation ;  that  in  the  island  of  Tanna  another  was  met  with,  with  a 
different  tail,  etc.,  and  that  there  was  another  variety  in  the  c^tllection 
of  Sir  Joseph  Banks.  Endlvss  [wrplexity  has  been  caused  by  the  Pait- 
tacuH p^gmttuH  of  Gmelin  {of  which  Latham's  tyjie  is  at  Vienna)  being 
stated  in  the  inventory  as  fi-oni  Botany  Bay,  by  Latham  from  Otaheite, 
and  in  his  book  as  inhabiting  several  of  the  islands  of  the  South  Seas, 
and  now  it  proves  to  be  the  female  Pitittaeug  palmarum  from  the  Kew 
Hebrides.  These  are  but  samples  of  the  coufn^ion  caused  by  the  inac- 
curacies of  the  old  voyagers.  Had  there  been  in  the  first  crew  who 
landed  on  the  island  of  Bourbou,  Iwill  not  say  a  naturalist,  butevena 
simple-heart£d  Leguat,  to  tell  the  artless  tale  of  what  he  saw,  or  had 
there  been  among  the  Portuguese  discoverers  of  Mauritius  one  who 
could  note  and  de^wribe  the  habits  of  its  birds  with  the  accuracy  with 
which  a  Poulton  could  record  the  ways  and  doings  of  our  Lepidoptera, 
how  vastly  would  our  knowledge  of  a  perished  fauna  have  been  enriched ! 
It  is  only  since  we  learned  from  Uarwin  and  Wallace  the  power  of  iso- 
lation in  the  differentiation  of  species,  that  speiiial  attention  has  beea 
paiil  to  thd  peculiarities  of  insular  forms,  He^e  the  field  naturalist 
comes  ill  as  the  helpful  servant  of  the  philosopher  and  the  systematist, 
by  illustrating  theoperation  of  isolation  in  the  difi'ereutiatioii  of  species. 
I  may  take  the  typical  examples  of  two  groups  of  oceanic  islands,  dif- 
fering as  widely  as  possible  in  their  position  on  the  globe — the  Sand- 
wich Islands,  in  the  center  of  the  Pacific,  thousands  of  miles  from  the 
nearest  continent,  and  the  Canaries,  within  sightof  the  African  coast — 
but  agreeing  in  origin,  the  ocean  depths  close  to  the  Canaries  and 
between  the  different  islands  varying  from  1,500  to  2,000  fathoms.  In 
the  one  we  may  study  the  expiring  relics  of  an  avifauna  completely  dif- 
ferentiated by  isolation ;  in  the  other  we  have  the  opiiortuiiity  of  trac- 
ing theincipient  stages  of  the  same  process. 

The  Sandwich  Islands  have  long  been  known  as  {Missessing  au  avi- 
fauna not  surpassed  in  interesting  peculiarity  by  that  of  New  Zealand 
or  Madagascar;  in  fact,  it  seems  as  though  their  vast  distance  from 
the  continent  had  intensified  the  infiuences  of  isolation.  There  is 
scarcely  a  passerine  bird  in  its  indigenous  tauna  which  can  be  referred 
to  any  genus  known  elsewhere.  But  until  the  very  recent  researches 
of  Mr.  Scott  Wilson  and  the  explorations  of  the  Hon.  W.  Rothschild's 
collectors  it  was  not  kiiown  that  almost  every  island  of  the  group  pos- 
sessed one  or  more  representative^  of  each  of  these  i>eculiar  genera. 
Thus  every  island  which  has  been  thoroughly  explored,  and  in  which 
any  extent  of  the  primeval  forest  remains,  [wssesses  or  has  possessed 
its  own  peculiar  species  of  HejnitjnuHiun,  Himatiovc,  rkKnrnis,  Aerulo- 
txrcug,  Loj^opg,  Drepania,  as  well  as  of  the  mas8ive-l>eaked  finches. 
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Wtiru  *mnlar«  tlM  fieimpisa  of  tbir  GalapagOK.  PnMl  Newton  has  xbown 
4iac  -«3:!r  tbr  (nvater  DOiDberof  tbo«eai«|>roli«bIr  of  AtDericanorigiB, 
j'^  "Hif  .■^•nth  FaciDe  baM  contribnted  its  quota  to  tbu  mosmn  oi  ornr- 
'brtlA.Val  raritien,  wbiirh  Mr.  Clarke  very  jontly  iHv>pofles  t«  n^e  » 
«(ii^*n^  biological  Hiibregion. 

ThsU  #4rb  of  the  inlands  of  tbix  groap,  however  Hmall,  should  poe- 
4Pi«>  a  ikira  M|)enfirally  di»tiDt-t  suRgestH  tboaghtu  of  the  vast  periods 
<irm[,ml  in  tbeir  diflerentiatiou. 

In  the  Canary  Ixlaodi*,  either  becaose  they  are  geologically  moR 
f*trMt  or  bei-aoMe  of  their  proximity  to  the  African  coant,  wbitrb  tuts 
fM^litntM  fre^nent  itDmigrationi*  from  the  t-ontineDt,  the  prot-ess  o( 
dillerpntiation  ii*  only  partially  act-ompliabed.  Yet  there  is  scaicety  * 
rcMideiit  n\nH:itii  whi«:h  is  not  more  ot  less  modified,  and  this  modifica- 
tion in  yfrt  farther  advanced  in  the  westernmost  islands  than  in  those 
DeareMt  to  Africa.  In  Fnertaventura  and  Lanzarote,  waterless  and 
tref  teiiM,  there  m  little  change,  and  the  fanua  is  almost  identical  with 
that  of  tlie  neigbbnariog  Sahara.  There  is'  a  whim-bat,  PrafMcnb 
dncotitr,  dlw-overcd  by  my  companion,  Mr.  Heade- Waldo,  peculisr  to 
Pnertaventnra,  which  may  possibly  be  foond  on  the  opposite  coasl, 
thoogh  it  h»a  not  yet  been  met  with  by  any  collectors  there.  XoifiOur 
whinchat  is  a  common  winter  visitant  all  down  the  West  Atricao  cosft, 
and  it  secmH  probable  that  isolation  has  prodoced  the  very  marktd 
cbaracters  of  the  Canaries  form,  while  the  coDtioeutal  individuals  have 
been  restrained  from  variation  by  their  frequent  associatioii  with  their 
migrat'try  relations.  A  similar  can^e  may  explain  why  the  blacklMnl. 
an  extn-mely  common  resident  in  all  the  Canary  Islands,  baa  not  httx 
niofiified  in  the  Icsist,  since  many  migratory  individuals  of  the  same 
s])ecie8  Ho.^iuni  every  winter  in  the  islands.  Or  take  the  blue  titmou% 
Our  tamiliar  resident  is  repriced  along  the  coast  of  North  Africa  by  ■ 
representative  species,  Parus  ultravinrinvs,  differentiated  chiefly  by  > 
black  ia!*tead  of  a  blue  cap  and  a  slate-colored  instead  of  a  green  back 
Tbe  titmouse  of  I>an/ai'ote  and  Fuertaventura  is  barely  separable  boa 
that  of  Algeria,  but  is  much  smaller  and  paler,  probably  owing  t<> 
m;arcity  of  food  and  a  dry  desert  climate.  Passing  100  miles  fartiwf 
to  sea,  to  Grand  Taiiiiry,  we  tiud  in  the  woods  and  forests  a  bird  in  all 
respects  similar  to  the  Algerian  in  color  and  dimensions,  with  om 
eiception :  the  greater  wing  coverts  of  the  Algeiian  are  tipped  witk 
white,  forming  a  broad  bar  when  the  wing  is  closed.  This,  present  li 
the  Fuertjiventnra  form,  is  represented  in  tbe  Canariau  by  the  (kintf^ 
white  tips,  and  in  the  birds  from  the  next  islands,  Teneriffe  and  Gomera. 
this  is  altogether  absent.  This  form  has  been  recognized  as  Fmnt 
ttnerifffv.  Proceeding  to  the  northwest  ont»""""*  ;-i....j  Palma,  « 
find  a  very  distinct  species,  with  difftrent  "•i|rer  UiL 

aud  white  abdomen  instead  of  yellow.    T  .,  Hwcn. 

we  find  a  second  very  distinct  siteciec,  res.  iieriAti 

the  absence  of  the  wing  bar,  aud  in  all  oth  ^  >         ;  that  the 


..Ckiogfe^ 
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back  is  green,  like  tlie  Europeau,  instead  nf  slate,  as  in  all  the  other 
species.  Tbus  we  And  iit  this  group  a  uniform  f;radnatiou  of  variation 
as  we  proceed  further  from  the  cradle  of  the  race, 

A  similarseries  of  modifications  may  be  traced  in  the  chaffinch  (Frtn- 
giUa-],  which  has  been  m  like  manner  derived  from  the  North  African 
F.  spodiogena,  and  in  which  the  extreme  variation  is  to  be  fonnd  in  the 
westernmost  islands  of  Palma  and  Ilierro.  The  willow  wren  (Phylhg- 
eoptu  ffooAtIu«),  extremely  numerous  and  resident,  has  entirely  changed 
its  habits,  though  not  its  plumage,  and  I  have  felt  justified  in  distin- 
guishing it  as  Ph./ortunalus,  In  note  and  habits  it  is  entirely  diflferent 
from  our  bird,  and  though  it  builds  a  domed  nest  it  is  always  near  the 
top  of  lofty  trees,  most  fi-equently  in  palm  trees.  The  only  external 
difference  from  our  bird  consists  in  its  paler  tarsi  and  more  rounded 
wing,  so  that  its  power  of  flight  in  weaker,  but,  were  it  not  for  the 
marked  difference  in  his  habits  and  voice,  I  should  have  hesitated  to 
differentiate  it.  In  the  kestrat  and  the  great  spotted  woodpecker 
there  are  differences  which  suggest  incipient  species,  while  the  forests 
of  the  wooded  western  islands  yield  two  very  peculiar  pigeons,  differ- 
ing eirtirely  ft-om  each  other  in  their  habits,  both  probably  derived 
from  our  woodpigeon,  bnt  even  further  removed  from  it  than  the 
Colamba  troccus  of  Madeira,  and  by  their  dark  chestnut  coloration  sug- 
gesting that  peculiar  food,  in  this  case  the  berries  of  the  tree  laurel, 
has  its  full  share  in  the  differentiation  of  isolated  forms.  If  we  remem- 
ber the  variability  of  the  pigments  in  the  foml  of  birds  and  the  amount 
absorbed  and  transferred  to  the  skin  and  plumage,  the  variability  in 
the  tints  and  patterns  of  many  animals  can  be  more  readily  under- 
stood. 

One  other  bird  deserves  notice^  the  CaccaJns,  or  red-legged  partridge, 
for  here,  and  here  alone,  we  have  chronological  data.  The  Spaniards 
introduced  Caccabis  rufa  into  ('anary  and  V„  petrom  into  Teneriffe  and 
Gomera,  and  they  have  never  spread  fVum  their  respective  localities. 
Now,  both  specias,  after  a  residence  of  only  four  hundred  years,  have 
become  distinctly  modified.  C  rnfa  was  introduced  into  the  Azores 
also,  and  changed  exactly  in  the  same  manner,  so  much  so  that  Mr. 
Godmau,  some  years  ago,  would  have  described  it  as  distinct,  but  that 
the  only  specimen  he  procured  was  iu  molt  and  mutilated,  and  his 
specimen  proved  identical  with  the  Canarian  bird.  Besides  minor  dif 
ferences,  the  back  is  one-fourtli  st^mter  and  longer  than  in  the  Euro- 
pean bird,  and  the  tarsus  very  much  stouter  and  longer,  and  the  back 
is  gray  rather  than  russet.  The  gray  back  harmonizes  with  the  vol- 
canic dark  soil  of  the  rocks  of  the  Canaries,  as  the  russet  does  with 
the  clay  of  the  plains  of  England  and  France.  In  the  Canaries  the 
bird  lives  under  different  conditions  from  those  of  Europe.  It  is  on 
the  mountain  sides  and  among  rocks  tliat  the  stouter  beak  and 
stronger  legs  arc  indispensable  to  its  vigorous  existence.  It  is  need- 
less to  go  into  the  details  of  many  other  species.     We  have  here  the 
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^if ">>!('  ^■'^I  .(I  »h*  (I-/'"''-'*  -"'^  ''f  i-w.Urinv  ID  an  the  ca«e»  1  have 
ttit-i<uin,n\.  rt'i'h  f^-!'  f^d  An.y  b*-  ■iipftlwrf  to  Ibe  gcneralizrr  and 
Mir-  ■^■tffo.ttr'f  llifrfftifh  ".^  A/rorate  and  KtiirateobHCTTstiMisof  the 

'hif'  '  tfit-"lffit  ftX'MVt  fi»«»»<>f  tttftf^imoroliilaDdi^toiake  ■notber 
Idttil'it  i«i'"i|>,  Mf  Hia  t/(  ■!.«»()  midway  in  the  differentiating  proce«» 
liditi'di  Miffitrtiir)'*  hikI  Mir  Hsiii(twi<:li  iHlandH.  From tho researcbes 
III  M  Ihiiiililof.  wiiiki-d  out.  Iiy  MM.  Mill)*'  Edwards  and  Oastalet,  we 
tllid  Mild  tliKiK  iiiK '!<)ii|H'<'li<H  fM'kiiiiwU'dK'^Inx  |M<<^iiliar;  2 species  front 
MiiHlli  'Ml  It'll  mid  "■".  riiiiii  Miiiliiuiiwtii  iiiproc^HH  of  speciHcation,  called 
U\  M    MlliiK  l'',ilwiH'iU  NKriiiiiliity.  nr  dt^rlvfd,  8)>ecieH. 

'I'tii'  lllllo  I'liihltdiiH  Uliiiiil.nti  Inidiili^dnirk  liOO  mites  south  of  Java, 
iHilt  r>  tiilli'M  III  li'iiulli,  liiiM  tioi'ii  hIiowii  tiy  Mr.  Lister  hi  prodacedis- 
llHi'l  mill  |M>i'idiiil  llii'iiiM  III'  t'vi'iy  I'liiHtt  111'  lift-,  v«^gct»b]e  aud  aninial. 
'I'liiHikili  llii>  nin'vli")  1110  ihw  III  tiiinilH'i',  >'*'t  t'vt'ry  maaimal  aud  laud 
liliil  U  i>itilvmii>t  l>iil.  II*  I  111!  will  iH'iiiitvkH.  to  AM-ertain  whether  a  small 
('•id'iti'il  tWMi  HI  IV  Iki  ui<  ii|H>ti  iiivit  liko  It  i-ohtiiH'iit  hatii  been  more  f«r- 
tti-Oi|i>  lot  lliv  |ihtvlui-Ui>ii  oC  iirM  oiKHitii'  fiTins.  we  oujcht  U>  make  the 
u>»it'<tn«>»  K>i\\vvii  ii^ti»id  niiitsH,  »ud  (Ids  w«>  ntv  inottMible  of  duiof^ 
M\  ^^^u^  •t((>Mit(i>i\  v\,)'<  ttiti  diiwM  t«>  tluK  stil>ivt-t  when,  in  Ibe  yrar 
^\^•  >\  I  »\'v'm  HM»>  uit'iiilo.iH  lUt^  At^vi-i:uiSMhani«  and  DoCivcdlkr 
iv'i'  ti^  >''V  \  »i'  n'l'iix  >»  d'Uivui  ):r\'«t«»  .-•*»»«(  m*  tw  eleTattott  &»i« 
1    .     ,v,*    *-,l  i''s'   *i   Stvt^v  v'l    »*>;'«  *;xl    v^'^v^ar^^Hu     TW  iVi-sa  «f 
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spicuous  color  to  one  reaemblitig  the  hue  of  the  surrounding  objects),' 
would  give  ttie  variety  that  possessed  it  a  decided  advantage  over  the 
typical  or  other  forms  of  the  Bpecies.  -  ■  -  To  apply  the  theory  to 
tiie  case  of  the  Sahara.  If  the  Algerian  desert  were  coloiiii^ed  by  a 
few  pairs  of  crested  larks — putting  aside  the  ascertained  fact  of  the 
teudency  of  an  arid,  hot  climate  to  bleach  all  dark  colors — we  know 
that  the  probability  is  that  one  or  two  pairs  would  be  likely  to  be  of  a 
darker  complexion  than  the  others.  These  and  such  of  the  offspring 
as  most  resembled  them  would  becotne  more  liable  to  capture  by  their 
uatural  enemies — hawks  and  carnivorous  beasts.  The  lighter  colored 
ones  would  enjoy  more  or  less  immunity  from  snch  attacks.  Let  this 
Btata  of  things  continue  for  a  few  hundred  years  and  the  dark-colored 
individuals  wonld  be  esterimated,the  light-colored  remain  and  inherit 
the  land.  This  proc^ess,  aided  by  the  above-mentioned  tendency  of  the 
climate  to  bleach  the  coloration  still  more,  would,  in  a  few  centuries, 
produce  the  Oalerida  ubyssinua  as  the  typical  form;  and  it  must  be 
noted  that  between  it  and  the  European  O.  cHstata  there  is  no  distinc- 
tion but  that  of  color. 

"But  when  we  turn  to  Oalerida  isabeliina,  G,  arenicola,  and  0.  mac- 
rorhyncka,  we  have  differences  not  otdy  of  color,  but  of  strncture. 
These  differences  are  most  marked  in  the  form  of  the  bill.  Now,  to 
take  the  two  former  first,  0.  arenicola  has  a  very  long  bill,  G.  isabellina 
a  very  short  one.  The  former  resorts  exclusively  to  the  deep,  loose, 
sandy  tracts;  the  latter  haunts  the  hard  and  rocky  districts.  It  is  man- 
ifest that  a  bird  whose  food  has  to  be  sought  for  in  deep  sand  derives 
agreat  ad  vantage  from  any  elongation,  however  shght,  of  its  bill.  The 
other,  who  f<ee<ls  among  stones  and  rocks,  requires  strength  rather  than 
length.  Wc  know  that  even  in  the  type  species  the  size  of  the  bill 
varies  in  individuals — in  the  lark  as  well  as  in  the  snipe.  Now,  in  the 
desert  the  shorter-billed  varieties  would  uudergocomparativediiBeulty 
in  finding  food  where  it  was  not  abundant,  and  consequently  would  not 
be  in  such  vigorous  condition  as  their  longer-billed  relation.  In  the 
breeding  season,  therefore,  they  would  have  fewer  eggs  and  a  weaker 
progeny.  Often,  as  we  know,  a  weakly  bird  will  abstain  from  mat- 
rimony altogether.  The  natural  result  of  these  causes  would  be  that 
in  course  of  time  the  longest-billed  variety  wouldsteadilypredomiuate 
over  the  shorter,  and  in  a  few  centuries  they  would  be  the  sole  exist- 
iograce,  their  shorter-billed  fellowsdyingoutuntilthatraceisextinct. 
The  converse  will  still  hold  good  of  the  stout  billed  and  weaker-billed 
varieties  ih  a  rocky  district. 

"Here  are  only  two  causes  enumerated  which  might  serve  to  create, 
as  it  were,  a  new  species  from  an  (dd  one.  Yet  they  aie  |>erfectly  nat- 
ural causes,  and  such  as  I  think  must  have  occurred  and  are  possibly 
occurring  still.  We  know  so  very  little  of  thecanses  which,  in  the  major- 
ity of  cases,  make  si>ecies  rare  or  common  tliat  there  may  he  hundreds 
of  others  at  work,  some  even  more  powerful  than  tbese,  which  go  to  per- 
petuate and  eliminate  certain  forms  'according  to  natural  means  of 
selection.'" 

It  would  ap[>ear  that  those  species  in  continental  areas  are  equally 
liable  to  variation  with  those  which  are  isolated  in  limited  areas,  yet 
that  there  are  many  counteracting  influences  which  operate  to  check 
this  tendency.  It  is  often  assumed,  where  we  find  closely  allied  si>ecies 
apparently  int<^rbreeding  at  the  center  of  their  area,  that  the  blend- 
ing of  forms  is  caused  by  the  two  races  commingling.    Judging  from 
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tii<)i>|.ii  ^^|■llit'll^«^  t  ohntilit  1hi  iiirllniH)  bi  Itelieve  that  tlie  theory  of 
liili<it>M>Hlli<K  H  l>t>|tti<tilfit(  ill  Itid  wroHK  ^i")*  l>at  rather  that,  while 
H<t>  tti-tii'fili'ml  Itoina  rtniiiilii  In  tlie  t-^'titer  of  distribation.  we  find 
txKH'  tli'<  tiliHlti  tll-iMtii-l  (i|H<4-lt>i>  At  tilt*  t>\lremes  of  the  noger  camsed 
Ki'^  l>t  (><|i<il>itiHMi>H,  l>»(  l-ytliiroiVKtltitioti.  To  Uhiatr^e  tilts  bT  the 
^Miti)!  (it  tl>t<  \<Uw  liliiiuiiitiv  \Vt>  fliul  iu  r^atnd  Kn^sia,  iu  the  eentef 
III  vlUUll<itll..it  i>t'  ^\^v  litiiiil,v,  tW  tiuvst  )f«avralis«4l  form,  Fmma pUatii. 
l<.t>Ukt»il  I'C  (l)Vk'Ii'MTti'lvi-nof  tltvvi«i-kHiS9|>tN.-iea  east,  vest.  aB«isa«tii. 
kit  ^h\■  ii*<iitii-4il  txkl  Muith  It  tKHt>iu«>N diffiNviituted  »»  Pi  <ifm»fu»:  to 
t'lii-  «>itili«\>^l'  >M<i|  xi'iillt  v\\v  I',  itti-mttmi  and  tts  T)uio«»  sofospevws. 

„v,  UiiiMi.^  i>..ha<mi,'1  ittiitiii  tt>  a»  tt<.-uli>HHr  f*.  cjMMunM  in  tb«  tiuctk. 
Vili'ili  Q-t'iiitv^'ilt  xil.i  l\>  ti.iw  tKvii  vtvrivvii  t'lvui  it. 

U<i>  b'l,'  «,>tvt>i  lU-Iit  v>i'<4>it-iui>a  J«>v»auc  vwutwwtclt  jum^f  n>hw»l 
ti\,.,i>iii.,-i.  1  <.l  m.niiin.tfwii  "1' H'i'Tii.  C'lw  itImwsc 'iT'itwmuitfC  i»  v^er 
It  ,  >>  ->\*.:is';v  '(  ■•■'  ■  ''\t'  «>'  o'lim  >>i'  li.toit^s,  Miu-v.  iiMi^ttintcoD.  jaii 
■  ,-i.,  (...•..-,»..■,  lio  v»  i.i  :>  ■».»'<•  ut  iiii<wi-fu(t[  "j««i-n)ij ■«  duta 
'V-.    -1    M\s.i-^      I'    ..IV     '.lO    l>-i:timj,    ilv  ^tn-*  n««"j  iarlt    ' 
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BIRD  Mlr.RATlOM. 

On  tbe  solution  of  the  problem  of  tho  mip-ation  of  birdu,  the  moRt 
remarkable  of  all  tbe  pheiioineiia  of  aniinul  life,  niucli  less  aid  has  been 
contributed  by  the  observations  of  field  naturalists  that  tniglit  reasona- 
bly have  been  expected.  Tbe  facts  of  migration  bave,  of  courHe,  been 
recognized  from  tbe  earlient  times,  and  bave  aflorded  a  tbeme  for 
Hebrew  and  Greek  {loets  tbree  tboiisaud  years  ago.  Theories  wkicfa 
would  explain  it  are  rife  enougb,  but  it  is  only  of  late  years  tbnt  any 
systematic  effort  hsis  been  made  to  classify  and  summarize  tbe  thou- 
sands of  data  and  notes  which  are  needed  in  order  to  draw  uny  satis- 
factory conclusion.  Tbe  observable  facts  may  be  classified  as  to  their 
bearing  on  tbe  whither,  when,  and  how,  of  migration,  and  after  this  we 
may  possibly  arrive  at  a  true  answer  to  tbe  WhyT  Observation  has 
Bufflcieotly  answered  tbe  first  «]uofltion,  Whither! 

There  are  scarcely  any  feathered  denizens  of  eartb  or  sea  to  tbe 
summer  and  winter  ranges  of  which  we  (^an  not  now  [mint  Of  almost 
all  the  birds  of  tbe  holo-arctic  fnunn,  we  have  ascertained  the  breed- 
ing places  and  tbe  winter  reHorts.  Now  that  tbe  knot  and  tbe  sander- 
ling  bave  been  successfully  pursued  even  to  Grinnell  I^and,  there 
remains  but  the  curlew  sandpiper  ( Tringa  mibarqtiala),  of  all  tbe  known 
European  birds,  whose  bree<iiiig  ground  is  a  virgin  soil,  lo  be  trodden, 
let  us  hope,  in  a  successful  exploration  by  Hansen,  on  one  side  or  other 
of  tbe  North  Pole.  Equally  clearly  aHcerttiin«id  are  tbe  winter  quarters 
of  all  tbe  migrants.  The  most  casual  obsei-ver  can  not  fail  to  notice  in 
any  part  of  Africa,  north  or  south,  west  coastor  interior,  tbe  myriads  of 
familiar  specicM  which  winter  there.  As  to  tbe  time  of  migration,  tbe 
earliest  notes  of  field  naturalists  bave  been  the  records  of  tbe  dates  of 
arrival  of  the  feathered  visitors.  We  possess  them  for  some  localities, 
as  for  Norfolk  by  t)ie  Marsbam  family,  so  far  back  as  1T3C.  In  re<'ent 
yeani  these  observations  have  been  carried  out  on  a  larger  and  more 
systematic  scale  by  Middendorf,  who,  forty  years  ago.  devoted  himself 
to  the  study  of  the  lines  of  migration  in  tbe  Kussian  Empire,  tracing 
what  be  called  tbe  i«o}}i';)fe«KJt,  the  linesofsimiltaneous  arrival  of  particu- 
lar species,  and  by  Prof.  I'alnicn,  of  Finland,  who,  tweirty  years  later, 
pursued  a  similar  course  of  investigation;  and  by  Pnif.  Baird  on  the 
migration  of  North  Aniericjin  birds;  and  snb8e({uently  by  Severtzoffas 
regards  central  Asia,  and  Menzbier  as  regards  eastern  Europe.  As 
respects  our  own  coasts,  a  vast  mass  of  statistics  has  been  collected  by 
tbe  labors  of  tbe  migration  committee  appointed  by  tbe  British  Asso- 
ciation in  1880,  for  which  our  thanks  are  due  to  the  indefatigable  zeal 
of  Mr.  John  Cordeaus  and  his  colleague  Mr.  John  Uarvie  Brown,  the 
originators  of  tbe  si^heme  by  which  tbe  ligbt-Iionses  were  for  nine  years 
used  as  posts  of  observation  on  migration.  The  reports  of  that  com- 
mittee are  familiar  to  us,  but  tbe  inferences  are  not  yet  worked  out  I 
can  not  but  regret  that  the  committee  has  been  allowed  lo  drop.    Prof. 


474  FIELD   STUDY    IH   OBNITHOLOOY. 

W.  W.  Cooke  baa  been  earryiDg  on  sunijar  observations  in  tbe  Missis- 
sippi Vulley,  aiid  others,  too  uamerons  to  mention,  have  done  the  same 
elsewhere.  Bnt,  as  Prof.  Newton  has  tmly  said,  all  these  efforts  may 
be  said  to  pale  before  the  stapendons  auioant  ttf  information  amassed 
daring  more  than  fifty  years  by  the  venerable  llerr  Gatke,  of  Heligo- 
land, whose  work  we  earnestly  deaire  may  soon  appear  in  an  English 
version. 

We  have,  throngh  the  labors  of  the  writers  I  have  named,  and  many 
others,  arrived  at  a  fair  knowledge  of  the  When  t  of  migration.  Of  the 
Howt  we  have  ast-ertained  a  little,  bnt  very  little.  The  lines  of  migra- 
tioD  vary  widely  in  diflTereut  species,  and  in  different  longitudes.  The 
theory  of  migration  being  directed  toward  the  magnetic  pole,  first 
started  by  Middendorff,  seems  to  be  refuted  by  Baird,  who  has  shown 
that  in  North  America  tbe  theory  will  not  bold.  Yet,  in  some  instances, 
there  is  evidently  a  converging  tendency  in  northward  migrationa 
The  line,  according  to  Middendorff,  in  middle  Siberia  is  dne  north.  Id 
eastern  Siberia  southeast  to  northwest,  and  in  western  Siberia  ftttm 
southwest  to  northeast.  In  Euroi>ean  Russia  Menzbier  traces  four 
noribward  routes :  (1 )  A  i-nast  line  coming  np  from  Norway  round  tbe 
North  Cape  to  Nova  Zembla.  (2)  The  Baltic  line  with  bifurcation,  one 
proceeding  by  the  Golf  of  Bothnia,  and  the  other  by  the  Gnlf  of  Fin- 
land, which  is  afterwards  again  sutxlivided.  (3)  A  Black  Sea  line, 
reaching  nearly  as  far  north  as  the  valley  of  the  I'etchora;  and  (4)  the 
Caspian  line,  passing  np  the  Volga,  and  reaching  as  far  east  as  the  val 
ley  of  the  Obi  by  other  anastomosing  streams. 

Palm^n  has  endeavore«l  to  trace  the  lines  of  migration  on  tbe  return 
autumnal  journey  in  the  Eastern  Hemisphere,  and  has  arranged  them  in 
nine  routes:  (1)  From  Nova  Zembla,  round  the  west  of  Norway,  to  the 
British  Islttt.  (2)  From  Spitzbergen,  by  Norway,  to  Britain,  France, 
Portngat,  and  West  Africa.  (3)  From  North  Russia,  by  the  Gulf  of 
Finland,  ilolstein,  aud  Holland,  and  then  bifarcating  to  the  west  coast 
r>f  France  on  the  one  side,  and  on  the  other  up  the  Khine  to  Italy  and 
North  Africa.  (4a)  Down  the  Volga  by  the  Sea  of  Azof,  Asia  Minor. 
and  Egypt,  while  the  other  jiortion  {4b),  trending  east,  passes  by  tbe 
i'a.*\tiau  aud  Tigris  to  t)ie  Persian  Gulf.  {!>)  By  the  Yenesei  to  Lake 
Baikal  and  Mongolia.  (6)  By  the  Lena  on  to  the  Amoor  and  Jaiiwt. 
Ci)  From  Ea!^t  Siberia  to  the  Corea  aud  Japan.  (8)  Kamschatkm  t«i 
Jajian  and  the  Chinese  coast.  (0)  Fn>m  Greenland,  Iceland,  and  tbe 
FamliK,  to  Britain,  where  it  joins  line  2. 

All  conrM;K  of  rivers  of  imi>ortance  from  minor  routes,  and  consider- 
ation of  these  lines  of  migration  might  serve  to  explain  the  fact  of  North 
American  stracglei-s,  the  waifs  and  strays  which  have  fallen  in  with 
great  flights  of  the  regular  migrants  and  been  more  freqnently  shot  on 
the  east  coast  of  En^luiidand  Scotland  than  on  the  west  coast  or  in 
Ireland.  Tliey  have  not  crossed  the  Atlantic,  but  have  come  bum  tbe 
:ar  north,  where  a  very  slight  detlectiuu  east  or  west  might  alter  tbeir 
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whole  conree,  and  in  tbat  case  tbey  would  Datumlly  strike  either  Ice- 
land or  the  west  coast  of  Norway,  mid  in  either  case  would  rca4;b  the 
east  coast  of  Britain.  But,  it'  by  RtonnR,  and  tlie  prevailing  winds  of 
the  North  Atlantic  coming  from  the  west,  they  ha<l  been  driven  out  of 
their  usnul  course,  tbey  would  strike  the  const  of  Korway,  and  so  find 
their  way  hither  in  the  company  of  their  congeners. 

As  to  the  elevation  at  which  migratory  flights  are  carried  on,  Herr 
Gittke,  as  well  aa  many  American  ohserverH,  holds  that  it  is  generally 
far  above  our  ken,  at  least  in  normal  conditions  of  the  atmosphere,  and 
that  the  opportunities  of  observation,  apart  from  seasons  and  unusual 
atmospheric  disturbance,  are  confined  chiefly  to  unsuccessful  and  abor- 
tive attempts.  It  i/i  maintained  that  the  height  of  flight  ia  some  1,500 
to  15,000  feet,  and  if  this  be  so,  as  there  seems  every  reason  to  admit, 
the  aid  of  land  bridges  and  river  valleys  becomes  of  very  slight  impor- 
tance. A  trivial  instance  will  illustrate  this.  There  are  two  species  of 
blue-throat,  Cyanecnla  nueeica  aud  C.  lemocyana;  the  former  with  its 
red-breast  patch  is  abundai>t  in  Sweden  in  summer,  but  is  never  found 
in  Germany,  except  most  accidentally,  as  the  other  is  the  common  form 
of  central  Europe.  Yet  both  are  abundant  in  Egypt  and  Syria,  where 
they  winter,  and  i  have  on  several  occasions  obtained  both  species  out 
of  the  same  flock.  Hence  we  infer  that  the  Swedish  bird  makes  its  jour- 
ney from  its  winter  quarters  with  scarcely  abalt,  while  thentherproceeds 
leisurely  to  its  nearer  summer  quarters.  On  the  other  hand,  I  have 
more  than  once  seen  myriads  of  swallows,  martins,  sand-martins,  and, 
later  in  the  season,  swifts,  passing  up  the  Jonlan  Valley  and  along  the 
Bukoa  of  central  Syria,  at  so  slight  an  elevation  that  I  was  able  to 
distinguish  at  once  that  thg  flight  consisted  of  swallows  or  house-mar- 
tins. This  was  in  perfectly  calm,  clear  weather.  One  stream  of  swal- 
lows, certainly  not  less  than  a  quarter  of  a  mile  wide,  occupied  more 
than  half  an  hour  inpassiug  over  one  spot,  and  flightsof  house-martins, 
and  then  of  sand-martins,  the  ni>st  day,  were  scarcely  less  numerous. 
These  flights  must  have  been  straight  up  from  the  Bed  Sea,  and  may 
have  been  the  general  assembly  of  all  those  which  had  wintered  in 
£ast  Africa.  I  can  not  think  that  these  flights  were  more  than  1,000 
feet  high.  On  the  other  hand,  when  standing  on  the  highest  |>eak  in 
the  island  of  Palma,  0,500  feet,  with  a  dense  mass  of  clouds  beneath 
us,  leaving  nothing  of  land  or  sea  visible,  save  the  distant  Peak  of 
Tcneri  oaring 
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bird  I  liavD  ever  noticed  to  outstrip  an  expresn  traiu  on  tlie  Great 
Korthern  Bail  way. 

Observation  has  Rhown  ns  that,  irbite  there  is  a  re^lar  and  nniform 
niigratioD  iti  tlio  case  of  some  sjtecieH,  yet  tbat,  beyond  theae,  tb»« 
comes  a  partial  migration  of  some  species,  immigrants  and  emi^^ranU 
Biniultaueously,  and  this,  besicles  the  familiar  vertical  emigration  from 
higher  to  lower  altitudes  and  rice  rersa,  as  in  the  familiar  iostanoe  of 
the  lajtwing  and  golden  plover.  There  \a  still  much  scope  for  tbe  field 
naturalist  in  observation  of  these  partial  migrations.  There  are  also 
Rl>ecies  iit  which  some  individuals  migrate  and  some  are  sedentary,  e,  g^ 
in  the  few  primeval  forests  which  still  remaui  in  the  Canary  Islands, 
and  which  are  enshrouded  in  almost  perpetual  mist,  the  woodcock  is 
sedentary  and  not  uncommon.  I  have  often  put  up  the  bird  and  aeen 
the  eggs;  but  in  winter  the  nnmberis  vastly  increased,  and  tbe  visitors 
are  easily  to  be  distinguished  from  the  residents  by  their  lighter  color 
and  larger  si7.e.  The  resident  never  leaves  the  cover  of  the  dense  for- 
est, where  the  growth  of  ferns  and  shrubs  is  perpetual  and  fosters  a 
moist,  rich,  semipeaty  soil,  in  which  the  woodcock  finds  abundant  food 
all  the  year,  and  has  thus  lost  its  migratory  instincts. 

But  why  do  birds  migratet  Obser\'aUon  haa  brought  to  light  many 
facts  which  seem  to  increase  the  difficulties  of  a  satisfactory  answer  tn 
the  question.  The  autumnal  retreat  from  the  breeding  rjiiarters  might 
l>e  esplaineil  by  a  want  of  suffldent  sustenance  as  winter  approaches 
ill  the  higher  latitudes,  but  this  will  not  acconnt  for  the  return  miirra- 
tion  in  the  spring,  since  there  is  no  perceptible  diminution  of  supplies 
in  the  winter  quarters.  A  friend  of  mine,  who  was  for  some  time  sta- 
tioned at  an  infirmary  at  Kikombo,  on  the  high  plateau  southeast  of 
Victoria  Nyanza  Lake,  almost  under  the  equator,  where  there  is  no 
variation  in  the  seasons,  wrote  to  me  that  fnmiN^ovembertoManth  tbe 
country* swarmed  with  swallows  and  martins,  which  seemed  to  tbe 
casual  ol>server  to  i-oiisist  almost  wliolly  of  our  three  8i>eciea,  tbongh 
occasionally  a  few  binls  of  different  type  might  be  noticed'inthelargo' 
docks.  Towards  the  end  of  March,  withont  any  observable  change  in 
climatic  or  atmospheric  conditions,  ntue-tenths  of  the  birds  suddenly 
disappeared,  and  only  a  sprinkling  remained.  These,  which  bad  pre- 
viously been  lost  amid  the  myriad  of  winter  \isit.tuts,  seemed  to  consist 
of  four  8]tecies,  of  which  I  received  sj>ecimeuB  of  two,  Hirnndo  purlla 
and  H.  ge.negalennit.  One,  described  iis  white  un<lerneath,  is  probably 
H.  (Pthiopim;  and  the  fourth,  very  small  and  quite  black,  most  be  a 
PsaUAi^ocne.  All  these  remained  through  spring  and  summer.  Tlie 
northward  movement  of  all  the  others  must  be  through  some  Impalse 
not  yet  ascertained,  hi  many  other  instances  obser%-ation  has  sbowa 
that  the  impulse  of  movement  is  not  dependent  on  the  weather  at  the 
moment.    This  is  especially  the  case  with  sea  birds.    Prof.  Newtmi 
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tbeir  stations  punctnally  on  a  given  day,  as  if  their  inoventeuts  were 
re^nlated  by  clock-work.  In  like  iiiaiiiier,  wlieth«r  the  Hummer  t>e  void 
or  hot,  the  swiffce  ]e»ve  their  aainmer  home  in  England  about  the  first 
week  in  August,  only  ocvusional  stragglers  ever  being  seen  after  that 
date.  3o  in  three  different  jears  I  noticed  the  appearance  of  the  com- 
mon Bwifti  {Cypseltts  apus)  in  myriads  on  one  day  in  the  first  week  iu 
April.  In  the  case  of  almost  all  the  land  birds  it  has  been  ascertained 
by  repeated  observations  that  the  male  birds  arrive  some  days  before 
the  UeDS.  I  do  not  think  it  is  proved  that  they  start  earlier;  but  being 
generally  stronger  than  the  females,  it  is  very  natural  that  they  should 
outstrip  their  weaker  mates.  I  think,  too,  that  there  is  evidence  that 
those  species  which  have  the  most  extended  southerly,  have  also  the 
most  extended  northerly  range.  The  same  may  bold  good  of  individ- 
uals of  the  same  species,  and  may  be  accounted  for  by,  or  account  for, 
the  fact  that,  e.  g.,  the  individuals  of  the  wheatear  or  the  willow  wren 
which  penetrate  farthest  north  have  longer  and  stronger  wings  than 
those  individuals  which  terminate  their  journey  in  more  Houtbem  lati- 
tudes. The  length  of  wing  of  two  specimens  of  Snxieola  tenantke  in  my 
collection  from  Greenland  and  Labrador  exceeds  by  0-6  inch  the  length 
of  the  British  and  Syrian  specimens,  and  the  nt^xt  longest,  exceeding 
them  by  0-5  inch,  is  from  the  Gambia.  So  the  sedentary  Pkplloncnpm 
trockilita  of  the  Canaries  has  a  perceptibly  shorter  wing  than  Eurojiean 


To  say  that  migration  is  performed  by  instinct  is  no  explanation  of 
the  marvellous  faculty;  it  is  an  evasion  of  the  difficulty.  Prof.  Mobius 
holds  that  birds  crossing  the  ocean  may  be  guided  by  observing  the 
rolling  of  the  waves,  but  this  will  not  hold  good  iu  the  varying  storms 
of  the  Atlantic;  still  less  in  the  vast  stretch  of  stormy  and  landless 
ocean  crossed  by  the  bronze  cuckoo  {Vhryaoeoctyyx  lucidm)  in  its  pas- 
sage from  ]New  Guinea  to  New  Zealand.  Prof.  Palni^n  ascribes  the  due 
performance  of  the  flight  to  experience,  but  this  is  not  confirmed  by 
field  observers.  He  assumes  that  the  fliglits  are  led  by  the  oldest  and 
strongest,  but  observation  by  llerr  Gatke  has  shown  that  among 
uiigrauls,  as  the  young  aud  old  journey  apart  and  by  difierent  routes, 
the  former  can  have  had  no  experience.  All  ornithologists  are  aware 
that  the  parent  cuckoos  leave  this  country  long  before  their  young  one-s 
are  hatched  by  their  foster-parents.  The  sense  of  sight  can  not  guide 
birds  which  travel  by  night,  or  span  oceans  or  continents  iu  a  single 
Sight.  In  noticing  all  the  phenomena  of  migration,  there  yet  remains 
a  vast  nntilled  region  for  the  field  naturalist. 

What  Prof.  Newton  terms  the  sense  of  direction,  nncouaciously 
exercised,  is  the  nearest  approach  yet  made  to  a  solution  of  tlie  prob- 
lem. He  remarks  how  vastly  the  sense  of  direction  varies  in  human 
beings,  contrasting  its  ahsebce  in  the  dwellers  in  towns  compared  with 
the  power  of  the  shepherd  and  the  countryman,  and,  infinitely  more, 
with  the  power  of  the  savage  or  the  Arab.     He  adduces  the  ex{>erience 
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of  3fid<leDd(>rfr  among  tbt-  Samojedtt,  who  koow  bow  to  reai'h  tbeir 
goal  by  the  shortest  way  rbrough  plai-cs  wholly  strangp  to  them. 
He  had  known  it  among  dogB  and  horses  (as  we  may  constantly  per- 
ceivef,  but  was  8Qrpn:<ed  to  find  the  same  inoomprebeDsible  animal 
Eaealty  anweakened  aioong  uncivilized  men.  Nor  ctMild  the  Samojeds 
understand  IiJs  inqniry  how  they  did  it.  Tbey  disarmed  him  by  the 
question,  Huw  now  duei«  the  Arctic  (it\  find  its  way  uight  on  tbe  tun- 
dra, and  never  go  astray!  And  Middendorff  adds,  *•!  was  thrown 
back  on  the  nnconscions  |>erfonnaace  of  an  inherited  animal  fomlty;'' 
and  so  are  we ! 

There  is  one  mora  kind  of  migration,  ofwhichweknow  nothing,  and 
where  the  field  uaturaiist  han  Ktill  abundant  scope  for  the  exen-ise  of 
observation.  I  mean  what  is  railed  exceptional  migration — not  tbe 
mere  wanderings  of  waifs  and  strays,  nor  yet  the  nncertain  travels  of 
some  spe4.-ie!(,  as  the  crossbill  in  search  of  food,  but  the  colonizing 
parties  of  many  gregarions  specieit,  which  generally,  so  far  as  we  know 
in  onr  own  hemi^pbere.  travel  from  east  to  west,  or  from  southeast  to 
Dortliwest.  Sach  are  the  walxwiug  (Ampela  ffarrula),  the  pastor  star- 
ling ( Pattor  ro»eiig),  and  Pallas's  san<l  grouse,  after  intervals  sometimes 
of  ntany  years,  or  sometimes  for  two  or  three  years  in  succession.  The 
waxwing  will  overspread  western  Europe  in  winter  for  a  short  time. 
It  appears  to  be  equally  inconstant  in  its  choice  of  summer  quarters, 
as  was  shown  by  J.  Wolley  in  Lapland.  The  rose  pastor  regularly 
winters  in  India,  but  never  remains  lobreetl.  For  this  purpose  the 
whole  race  seems  to  collect  and  travel  northwest,  bnt  rarely,  or  after 
inter\'als  of  many  years,  returns  to  tbe  same  quarters.  Verona, 
BroQssa,  Smyrna^  Otlessa,  the  Dobrudscha  have  all  during  the  last 
half  century  been  visited  for  one  summer  by  tens  of  thousands,  who 
are  attracted  by  the  visitations  of  locusts,  on  which  they  feed,  rear 
their  youog,  ami  go.  These  irruptions,  however,  can  not  be  classed 
under  the  laws  of  ordinary  migration.  Sot  less  inexplicable  are  sneh 
migrations  as  those  of  tbe  African  darter,  which,  though  never  yet 
observe<l  to  the  north  of  the  Afiricau  lakes,  contrives  to  pass,  everj' 
spring,  unobserveil  to  the  lake  of  Aiitioch  in  North  Sj'ria,  where  1 
found  a  large  colony  rearing  their  young,  which,  so  soon  as  their 
progeny  was  able  to  Hy,  disapiM'ared  to  the  southeast  as  suddenly  as 
they  had  arrived. 

There  is  one  possible  explanation  of  the  sense  of  direction  nucon- 
sciously  exercised,  which  I  submit  as  a  working  hypothesis.  We  are 
alt  aware  of  the  instinct,  strong  both  in  mammals  and  birds  without 
exception,  which  attracts  them  to  the  place  of  tbeir  nativity.  When 
the  increasing  cold  of  the  northern  regions,  in  which  tbey  all  bad  their 
origin,  drove  the  mammals  sonthwanl,  they  could  not  retrace  their 

"ps,  because  the  increasing  polar  sea,  as  the  Arctic  continent  sank, 
red  their  way.  The  birds  reluctantly  left  their  home«  as  winter 
le  on,  and  followed  the  supply  of  foiKl,     But  as  the  season  in  their 
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new  renideDce  becauie  hotter  ia  summer,  they  iii»tiuctively  returned  to 
their  birthplaces,  an4l  there  reared  their  young,  retiring  with  them 
when  the  recurring  winter  imiielled  them  to  seek  a  warmer  climate. 
Those  species  which,  unfitted  for  a  greater  amount  of  hext  ^y  their 
more  protracted  sojourn  in  the  northern  regions,  persisted  in  re-visiting 
their  ancestral  homes,  or  getting  as  near  to  them  as  they  could,  retained 
a  capacity  for  enjoying  a  temperate  climate,  which,  very  gradually, 
was  lost  by  the  species  which  8<;ttled  down  more  permanently  in  their 
new  quarters,  and  thus  a  law  of  migratiou  became  established  on  the 
one  side,  and  sedentary  habits  on  the  other. 

MIHICBV. 

If  there  be  one  question  on  which  the  field  naturalist  may  coutri- 
bnte — ns  lion's  provider  to  the  philosopher  more  than  another,  it  is  on 
the  now  mncb  disputed  topic  of  "mimicry,"  whether  protective  or 
aggressive.  As  Mr.  Betldard  has  remarked  on  this  subject,  '*  The  field 
of  hypothesis  has  no  limits,  and  what  we  need  is  more  study" — and, 
may  we  not  add,  more  ai;carate  observation  of  facts.  The  theory  of 
protective  mimicry  was  first  propounded  by  Mr.  H.  W,  Bates,  from  bis 
observations  on  the  Amazon.  Ho  fonud  that  the  group  of  butterflies, 
Heliconiidce,  conspicuously  bandeil  with  yellow  and  black,  were  pro- 
vided with  certain  glands  which  secrete  a  nauseating  flnid,  sup|K>sed 
to  render  them  luipalatahle  to  birds.  In  the  sand  districts  he  found 
alHO  similarly  colored  butterflies,  belonging  to  the  family  Pi^da, 
which  so  closely  resembled  the  others  in  shape  and  inarkingsas  to  be 
easily  mistaken  for  them,  but  which,  unprovided  with  such  secreting 
glands,  were  unprotected  from  the  attacks  of  birds.  The  resemblance, 
be  thought,  was  brought  about  by  natural  selection  for  the  protection 
of  the  edible  butterflies,  through  the  birds  mistaking  them  for  the 
inedible  kind.  Other  cases  of  mimicry  among  a  great  variety  of  insects 
have  since  been  pointed  out,  and  the  theory  of  protective  mimicry  has 
gained  many  adherents.  Among  birds,  many  instances  have  been 
adduced.  Mr.  Wallace  has  desciibed  the  extraonlinary  similarity 
between  birds  of  very  different  families,  Oriohm  bournensix  and  PAite- 
mon  moluccenaia,  both  peculiar  to  the  island  of  Bonru.  Mr.  H.  O.  Forbes 
has  discovered  a  similar  brown  oriole,  Oriolus  decipiena,  as  closely 
imitating  the  appearance  of  U\e  PkHemon  timortaangis  of  Timor-Iaut. 
A  similar  instance  occurs  in  Geram.  But  Mr.  Wallace  observes  that, 
while  usually  the  mimicking  species  is  less  numerous  than  the  mimicked, 
the  contrary  appears  to  be  the  case  in  Bouru,  and  it  is  difficult  to  see 
what  advantage  has  been  gained  by  the  mimicry.  Now,  all  the  species 
of  Philemon  are  remarkably  somber  colored  birds,  and  the  mimicry 
can  not  be  on  their  side.  But  there  are  other  brown  orioles,  more 
closely  resembling  those  named,  in  other  Moluccun  islands,  and  yet 
having  no  resemblance  to  the  Philemon  of  thc^  same  island,  as  may  be 
seen  in  the  case  of  the  Oriolun  pha-iwkroin  uk  and  Philemon  gilolensis 
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ttom  Gilold.  Yet  tbe  orit)le  hun  aduptetl  tbe  Kame  liver?  which  else- 
where is  a  i>errect  mimicry.  May  it  not  therefore  be  that  we  hare,  id 
this  group  of  bn>wn  oriole^,  the  origiual  type  of  the  family  undiffer- 
eiitiateill  As  tliey  Kpreati  eiiHt  Hiid  south  we  may  trace  tbe  gradatioD, 
through  the  brown  »triuttoD  of  the  New  Guiueabird  to  the  brighter, 
greeii-tinged  form  of  the  We»t  Australian  aud  the  green  plumage  of 
the  Southern  Australian,  wliile  westwartl  tlie  brilliant  yellowH  of  the 
numerous  Indian  and  AtMcau  species  were  developeil,  and  another 
group,  iireferritig high  elevations,  passing  through  the  monntaio  ranges 
of  Qava,  Sumatra,  luul  Borneo,  intensified  tbe  aboriginal  brown  into 
black,  and  henee  were  evolved  tbe  deep  reds  of  tlio  various  Hpeeies 
which  culminate  in  the  crimson  of  Formosa^  Oriolvt  ardena,  and  the 
still  deeper  crimsons  of  0.  tratlli  of  tlie  Himalayas. 

It  is  i)OSsibIo  that  tbere  may  be  similarity  without  mimicry,  and,  by 
the  Ave  laws  of  mimicry  as  laid  down  by  Wallace^  very  many  suggested 
cases  nmst  be  eliminated.  We  all  know  that  it  is  quite  possible  to  find 
between  speoiesof  very  diffferent  genera  extraordinary  similarity  which 
is  uot  mimetic.  Take,  fur  instance,  the  remarkable  identity  of  colora- 
tion in  the  case  of  some  of  tbe  African  species  Macronyx  aud  the 
American  Sturnella,  or,  again,  of  some  of  the  African  Campopkaga  a.t\d 
the  American  Af/elam.  Tbe  outward  resemblance  occurs  in  both  cattes 
in  tbe  red  as  well  as  in  the  yellow-colored  species  of  all  four  groups. 
But  wfi  ftnd  that  tlie  Macronyx  of  America  and  the  Campophagte  of 
Africa,  in  iH-(iniring  tbis  coloration,  have  departed  widely  from  the  plain 
color  found  in  their  immediate  relatives.  If  we  applied  Mr.  Scudder's 
tlieory  on  insects,  we  must  imagine  that  the  prototype  form  hasbet^ome 
extinct,  wbile  tbe  mimickcr  bus  establislied  its  position.  This  is  an 
hy[>otbeBis  which  is  easier  to  suggest  than  either  to  prove  or  to  disprove. 
Bimilar  cases  may  fre<iuently  be  found  in  botany.  Thestrawberry  is  not 
indigenous  in  Japan, but  in  tbe  mountiuns  there  I  found  a  poteiitilla  in 
fruit  which  absolutely  mimicked  the  Alpine  strawberry  in  tbe  minutest 
pBrticiilar8,initsrunners,its  blossoms,  aud  fruit;  buttbefr^iitwassiniply 
dry  pith,  supporting  tbe  seeds  and  retaining  its  color  without  shrinking 
or  falling  from  tbe  stalks  fur  weeks — a  remarkable  case,  we  can  not  say 
of  unconscious  mimicry,  but  of  unconscious  resemblance.  Mimicry  in 
birds  is  com|)aratively  nu-e,  and  still  rarer  in  mammals,  which  is  not 
surprising  when  we  consider  how  small  is  tbe  total  number  of  tbe  mam- 
malia, and  even  of  birds,  compared  witli  tbe  countless  species  of  inver- 
tebrates. Out  of  tbe  vast  assemblage  of  insects,  with  their  varied 
colors  and  patterns^  it  would  be  strauge  if  tbere  were  not  many  cases 
of  accidental  resemblance.  A  strict  application  of  Wallace's  Ave  laws 
would  perhaps,  if  all  tbe  circumstances  were  known,  eliminate  many 
aceepted  instances. 

As  to  cases  of  edible  insects  mimicking  inedible,  Mr.  Poulton  admits 
hateven  unpalatable  animals  have  their  special  enemies,  aud  that  the 
■uemies  of  palatable  animals  are  uot  indetinitely  numerous. 
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Mr.  Betldard  gives  tablea  of  tlie  results  obtained  by  Weiginauii,  Poul- 
loB,  aud  others,  whicti  sbow  that  it  is  impossible  to  lay  down  aiiy  defi- 
iiitti  law  upou  the  subject,  and  that  the  likes  and  dislikes  of  iDsect- 
eating  aQinals  ara  purely  relative. 

Uue  of  the  most  interesting  cases  of  mimicry  is  that  (>f  the  Volucella, 
a  genns  of  JHptera,  whose  larvra  live  on  the  larvie  of  Hymenoptera,  and 
of  whicli  the  perfect  insect  closely  resembles  some  species  of  humble- 
bee.  Though  this  fact  is  nnquestloued,  yet  it  has  recontly  given  rise 
to  a  controversy,  which,  so  far  as  one  who  has  no  claim  to  be  an  ento- 
mologist can  judge,  proves  that  while  there  is  much  that  can  be  explained  - 
by  mimicry,  there  is,  nevertheless,  a  danger  of  its  advocates  pressing  it 
too  far.  Volttcella  bombylana  occurs  in  two  varieties,  which  prey  upon 
the  humble-bees,  Bombus  muscorum  and  B.  lapidariua,  which  they 
respectively  resemble.  Mr.  Bateson  does  not  <inestioD  tbe  behavior  of 
tlie  Volucella,  bnt  states  that  neither  variety  specially  represents  B. 
mttacorum,  and  yet  that  they  deposit  their  eggs  mote  frequently  in  their 
nests  than  in  tfaenest«  of  other  species  vhich  they  resemble  more  closely. 
He  also  states  that  in  a  show  case  in  the  Boyal  College  of  Surgeons,  to  ' 
illustrate  mining,  two  specimens  of  another  species,  B.  aylvarum,  were 
placed  alongside  of  the  Volucella,  which  they  do  resemble,  but  were 
labeled  B.  mutmrum. 

But  Mr.  Hart  explains  the  parasitism  in  another  way.  He  states 
that  a  nest  of  B.  muscornm  is  made  on  the  surface,  without  much 
attempt  at  concealment,  and  that  the  bee  is  a  peculiarly  gentle  species, 
with  a  very  feeble  sting;  bnt  that  the  species  which  the  Volucella  most 
resemble  are  irascible,  and  therefore  more  dangerous  to  intruders. 
If  this  be  so,  it  is  difficult  to  see  why  the  Volucella  should  mimic  the 
bee,  which  it  does  not  aftiect,  more  closely  than  the  one  which  is  gener- 
ally its  victim.  I  do  not  presume  to  express  any  opinion  further  than 
this,  that  the  instances  I  have  cited  show  that  there  is  much  reason 
for  farther  caretbl  observation  by  the  field  naturalist,  and  much  yet  to 
be  discovered  by  the  physiologist  and  the  chemist,  as  to  the  composi- 
tiou  and  nature  of  animal  pigments. 

HEREDITARY  A0QTJI8ITIONS. 

I  bad  proposed  to  occupy  a  considerable  portion  of  my  address  with 
a  statement  of  the  present  position  of  the  controversy  on  heredity,  by 
far  the  most  difficult  and  important  of  all  those  subjects  which  at 
present  attract  the  attention  of  the  biologist;  but  an  attack  of  ill- 
ness has  compelled  me  to  abandon  my  purpose.  Not  that  I  proposed 
to  venture  to  express  any  opinions  of  my  own,  for  with  such  prota- 
jronists  in  the  fleld  as  Weismsn,  Wallace,  Romanes,  and  Poultou  on 
tbe  on(^  side,  and  Herbert  Spencer  and  Hartogon  the  other,  "JVon  noK- 
trvm  inter  ran  tanta*  componere  lites." 

So  far  as  I  can  understand  Weisman's  theoiy,  be  assumes  tbe  separa- 
tion of  germ  cells  and  twmatic  cells,  and  that  each  germ  cell  coataina 
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Ill  Mm  iiilcli'iiH  u  iiiiinlNir  of**  Idn,"  each  "id  "  representiog  the  pemonal- 
lly  otun  tiiiriwtrnl  tiiMiibitr  of  tlie  Hpecies,  or  of  an  antecedent  species. 
"'I'liti  Iti'itt  iiiiiMlrHllitlur  orfcaiilHm  wafi  probably  a  oluat«r  of  similar 
rttllH,  Ittit  tiKMn  iinllK  hooii  loHt  tboir  original  homogeneity.  As  Uie 
hiHiill  <>r  riiN'o  nilatlvD  poiiltlnit,  Home  of  the  cells  vere  especially  fitted 
to  )inivltli4  Oil'  lli<t  nutrition  of  tlie  colony,  while  others  undertook  the 
worit  nl'  iriiitHliirtloii."  Ttin  latter,  or  germ-plaRm,  he  assumes  to 
IHMMOHH  III!  itiilliiillfd  {HiWi'i-  of  continuance,  and  that  life  is  endowed 
wllb  »  HximI  iliimtlon,  not  ttwause  it  is  contrary  to  its  nature  to  be 
uullinltdl,  but  bN^anno  tht>  unliiuittHl  existence  of  individuals  would  be 
i»l«vni\v  witliont  any  M»w«|mnding  iidvautttpe. 

llttrlHM'l  8)M>iiwi'  ifumiks  ui>oii  this:  "The  changes  of  every  a^re- 
t\\t<\  \w  intitt««r  of  what  kind,  inovitabty  end  in  a  state  of  eqoilibrinm. 
Situit  (uul  )t)uitt>1»  dit\  »»  wt>U  as  dr^nknisms."  But  has  the  tbeor;  been 
)»iiV4Mt,  i«)l)it>r  by  tht>  liiat^iloi^ist.  thv  nufroscoiHSt.  or  the  ehemistt 
8|M<nN'«>r  )titvtM-<!t  lht>  )M>int  tluit  th^  immortality  of  the  protozoa  has  not 
W't'U  )i\>t\4Ht,  And,  ultor  ttlt,  whou  \Yi^i»BUunn  makes  a  «<Kitiunity  <rf 
IW  Kvu»  tvKt«u)  (h«>  txuiMtltiliMU  i>l'»  tliMury  of  hervdity.  be  i?  boiiding 

>■>>»»»»  tlw  v\«»it !»«■.( J  *»f  tW  ,svc>M  )t|:k;^iu.  and  its  n4atiw  stpt f-Mtioo 

jh'HV*^  ;S>  f.vi'**i.v:",>:;';\  s4\-h4r*>.-t<^rs  A(->;-.::tv«1  by  tbe bvdr  beis^  nan^ 
iM  ',;v>l  l>>.\'*'.tL\  ;V  ?:vf.'  !'',.vi.-,!  ;»» :>■<■  v-^-^f-f,     Frvm  tkt<  ke  npbR^ 


■  r-i  "1*  .kAom^rs' 
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by  the  same  spet^ies  nnder  changed  circumatancea,  bow  they  csq  be 
better  accounted  for  than  by  hereditary  transmitted  instinct,  I  do  not 
see.  I  mean  such  cases  as  the  ground-nesting  Diduneulus  in  Samoa 
having  saved  itself  from  extinction,  since  the  introduction  of  cats,  by 
roosting  and  nesting  in  trees;  or  the  extraordinary  acquired  habit  of 
the  blackcap  in  the  Canaries,  observed  by  I>r.  Lowe,  of  piercing  tbe 
calyx  of  Hiimcua  rosa»inengiii — an  introduced  plant — to  attract  insects, 
for  which  he  quietly  sits  waiting.  So  the  lying  low  of  a  covey  of  par- 
tridges nnder  an  artificial  kite  would  seem  to  be  a  transmitted  instinct 
from  afar-off  ancestry  not  yet  lost;  for  many  generations  of  partridges, 
I  fear,  must  have  passed  since  the  last  kite  hovered  over  the  fore- 
fathers of  an  English  partridge,  save  in  very  few  parts  of  the  island. 

I  can  not  conclude  without  recalling  that  the  past  year  has  witnessed 
the  severance  of  the  last  link  with  the  pre-Darwinian  naturalists  in  the 
death  of  Sir  Richard  Owen.  Though  never  himself  a  field-worker  or 
the  discoverer  of  a  single  auim&l  living  or  extinct,  his  career  extends 
over  the  whole  history  of  palieontology.  1  say  palieontology,  for  he  was 
not  a  geologist  in  the  sense  of  studying  the  order,  succession,  area, 
structure,  and  disturbance  of  strata.  But  lie  accumulated  facts  on  the 
fossil  remains  that  came  to  his  hands,  till  he  won  the  &,me  of  being  the 
greatest  comparative  anatomist  of  tlie  age.  To  him  we  owe  the  build- 
ing up  of  the  skeletons  of  the  giant  Dinornithidte  and  many  other  of 
the  perished  forms  of  the  gigantic  sloths,  armadillos,  and  mastodons 
of  Sonth  America,  Australia,  and  Enrope.  He  was  himself  a  colossal 
worker,  and  he  never  worked  for  popularity.  He  had  lived  and  worked 
too  long  before  tbe  Victorian  age  to  accept  readily  the  doctrines  which 
have  revolutionized  that  science,  though  none  has  had  a  larger  share 
in  accuniulating  the  fiicts,  the  combination  of  which  of  necessity  pro- 
duced that  transformation.  But,  though  he  clung  fondly  to  his  old  idea 
of  the  archetype,  no  man  did  more  than  Owen  ta  explode  the  rival 
theories  of  both  Wernertans  and  Enttonians,  till  the  controversies  of 
Plutonians  and  Neptuninna  came  to  us  from  the  far  past  with  as  little 
to  move  our  interest  as  the  blue  and  green  controversies  of  (Constanti- 
nople. 

Nor  can  we  forget  that  it  is  to  Sir  Richard's  indomitable  perseverance 
that  we  owe  the  magniticent  palace  which  contains  tbe  national  collec- 
tions, in  Cromwell  Road.  For  many  years  he  fought  the  battle  almost 
alone.  His  demand  for  a  buMing  of  two  stories,  covering  5  acres,  wa« 
denounced  as  audacious.  The  scheme  was  pronounced  foolish,  crazy, 
and  extravagant;  but,  after  twenty  years'  struggle,  lie  was  victorious, 
and  in  1872  the  act  was  passed  which  gave  not  5,  but  more  than  7  acres 
for  the  purpose,  Owen  retired  from  its  directioii  in  1883,  having 
achievetl  the  crowning  victory  of  his  life.  Looking  back  in  his  old  age 
on  the  scientific  achievements  of  tbe  past,  he  fully  recognized  the  pros- 
pects of  still  further  a«lvaiices,  and  observed,  "  The  known  is  very  small 
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compared  with  the  kuowable,  aod  we  may  trust  in  the  Autliur  of  all 
troth,  wbo,  I  thiuk,  will  not  let  that  tratb  remain  forever  liidden.** 

I  have  endeavored  to  show  that  there  is  still  room  for  all  workers, 
that  tbe  naturalist  has  his  place,  thoogb  tbe  morphologist  and  the  phy- 
siologist  have  rightly  come  into  far  greater  prominence,  and  we  need 
not  yet  abandon  the  field  glass  and  the  lens  for  tbe  microsco|>e  and  tbe 
Bc^pel.  The  stndies  of  tbe  laboratory  still  leave  room  for  tbe  observa- 
tions of  tbe  field.  The  investigation  of  muscles,  the  analysis  of  brain 
tissae,  the  research  into  tbe  chemical  properties  of  pigment,  have  uot 
rendered  worthless  tbe  study  and  observation  of  life  and  habits.  As 
yon  can  not  diagnose  the  red  Indian  and  the  Anglo-i:^ason  by  a  com- 
parison of  their  resjiective  skeletons  or  researches  into  their  muscular 
stmctnre,  but  require  to  know  the  habit«,  the  language,  the  niodeR  of 
tbonghtof  each;  so  the  mammal,  the  bird,  and  even  the  invertebrate, 
has  his  charact«r,  bis  voice,  his  impnises,  aye,  I  will  add,  his  ideas,  to 
betaken  into  account  in  order  to  discriminate  btm.  There  is  something 
beyond  matter  in  life,  even  in  its  lowest  forms.  I  may  qnote  on  this 
the  caution  uttered  by  a  predecessor  of  mine  in  this  chair  (Prof.  Milne.:^ 
Marshall) :  "  One  thing  above  all  is  apparent,  that  embryologists  must 
not  work  single-handed;  must  not  be  satisfied  with  an  acquaintance, 
however  exact,  with  animals  from  the  side  of  development  only;  for 
embryos  have  this  in  common  with  maps,  that  too  close  and  too  escln- 
sive  a  study  of  tbem  is  apt  to  disturb  a  man's  reasoning  power." 

Tbe  ancient  Greek  philosopher  gives  ns  a  threefold  division  of  the 
intellectual  facnltie8^.p/>wiT,^[?,  fffurrjj.'iij,  aorssf: — and  I  think  we  may 
apply  it  to  the  subdivision  of  labor  in  natural  science:  rpofTjaiz,  7  rd  laO' 
liaara  j-vu/ii'Cuuira,  is  the  power  that  divides,  discerns,  distingnisbes — i.  e., 
the  naturalist;  •fuycmr,  the  operation  of  the  closest  zoologist,  wbo  in- 
vestigates and  experiments;  and  fni(r;ij'/ir„  the  faculty  of  tbe  philoso- 
pher, who  draws  his  couclusions  from  facts  and  observations. 

The  older  naturalists  lost  much  from  lack  of  the  records  of  previous 
observations;  their  diftteulties  were  not  ours,  but  they  went  to  nature 
for  their  teachings  rather  than  to  books.  Now  we  find  it  hard  to  avoid 
being  smothered  with  the  literature  on  the  subject,  and  being  choked 
with  the  dust  of  libraries.  The  danger  against  which  Prof.  Marshall 
warns  the  embryologist  is  not  confined  to  him  alone;  the  observer  of 
facts  is  equally  exposed  to  it,  aud  hemust  beware  of  the  danger,  else  he 
may  become  a  mere  materialist.  Tbe  poetic,  the  imaginative,  tbe  emo- 
tional, the  spiritual,  all  go  to  make  up  the  man;  aud  if  one  of  these 
is  missing,  be  is  incomplete. 

I  can  not  but  feel  that  the  danger  of  this  concentration  upon  one  side 

only  of  nature  is  painfully  iilustnited  in  the  life  of  our  great  mast«r, 

Darwin.     In  bia  early  days  he  was  a  lover  of  literature,  he  delightetl  in 

'Sliakespeai-e  and  other  jwets;  but  after  years  of  scientific  activity  and 

ilerest,  he  found  on  taking  theui  up  again  that  he  hud  not  only  growii 

idiB'ereut  to  them,  but  that  they  were  even  distastefiil  to  bim.    He 
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had  safieretl  a  Bort  of  atrophy  on  that  side  of  his  nature,  as  the  dis- 
used piuions  of  tlie  Kakai>o  have  become  powerleus,— the  spiritual,  the 
imaginative,  the  emotional,  we  may  call  it. 

The  case  of  Darwin  illustrates  a  law — a  principle  we  may  call  it — 
namely,  that  the  spiritnal  faculty  lives  or  dies  by  Exercise  or  the  want 
of  it  even  as  does  the  bodily.  Yet  the  atrophy  was  UDCouscions.  Far 
was  it  from  Darwin  to  ignore  or  depreciate  studies  not  Lis  own.  He 
has  shown  ns  this  when  he  prefixed  to  the  title-page  of  his  great  work 
tbe  following  extract  from  Lord  Ohancellor  Bacon:  "To  conclude, 
therefore,  let  do  man,  oatof  a  weak  conceit  of  sobriety,  or  an  ill-applied 
moderation,  think  or  maintain  that  a  man  can  search  too  far,  or  be  too 
well  studied  in  the  book  of  God's  word,  or  in  the  book  of  God's  works, 
divinity  or  philosophy,  but  rather  let  men  endeavor  an  endless  progress 
or  proflcieuce  in  both."  In  tme  harmony  this  with  the  spirit  of  the 
father  of  natural  history,  conclnding  with  the  words,  "  O  Lord,  how 
manifold  are  Thy  works,  in  wisdom  haat  Thou  made  tbein  all,  the  earth 
is  full  of  Thy  riches.'* 
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THE  SO-CALLBl>  BrOONIA  OF  THE  ANCIENTS, 
AND  ITS  RELATION  TO  A  BEE-LIKE  FLY,-ERI8TALI8  TENAX." 


By  C.  K.  OSTEN   SACKBWi 


For  more  tlian  two  tboasand  years  a  saperstitJon  has  been  prevalebi: 
in  the  minds  of  the  maases,  as  well  as  in  booka,  to  the  effect  that, 
besides  the  nsiial  production  of  honey  l>ee8  in  hivea,  they  originated 
by  Bpontaaeous  generation  from  carcasses  of  dead  animals,  and  prin- 
cipally from  those  of  oxen.  Thns  arose  in  Greece  the  term  Btigonia 
(from  j9uu;  an  ox,  and  ri^Vt  progeny),  as  well  as  the  expression  bugenea 
meliaaae,  taurig^ue  ape*,  that  is,  oxen-bom  bees,  iu  the  Greek  and  Latin 
literature.  This  superstition  prevailed  also  in  northern  Africa  and  in 
some  parts  of  Asia;  it  eoutinned  through  the  Middle  Ages,  aud  found 
expression  even  in  the  sixteenth  and  seventeenth  centuries.  The  friend 
of  Luther,  the  learned  and  pious  Melauchthon,  considered  it  as  a 
divine  provision;  an  Italian  poet  of  the  sixteenth  century  put  it  into 
verse;!  the  great  naturalist  Aldrovandi  (1602)  accepted  it  without  con- 
tradiction; the  English  naturalist  Monfet  (Theatreo  Insectorum,  1634)} 
spoke  of  it  as  a  common  occurrence  [experientia  ntttica  et  vulgaris,  I. 
c,  p.  12);  aud,  tinally,  tbe  learned  Bochart  (1663)  §  admitted  it  as  an 
undoubted  truth. 


'Extracts  from  article  in  Bulletino  delta  iSocitta  Eatomologitia  Italiana,  1893. 

tOiovsDDt  Rnoeltfti  (1475-1535),  in  Ploreuce  aud  Rome,  died  lU  Qoreniei  of  S. 
Angelo.  His  poem;  Le  Api,  Amsterd.  Intin  eilit.  1681,  p.  68,  contaios  au  aoconut 
of  tbe  Bugonia. 

I  Moufet  was  a  contemporary  of  Queen  Elizabeth,  and  died  nithout  publiebing  bia 
work.  "  It  fell  into  tbe  hands  of  Sir  Theod.  Mayorne,  Baron  d'Anbonn,  one  of  tbe 
court  physicians  tn  tbe  time  of  Cbnrles  I,  wbo  at  length  published  it,  prefixiiig  a 
dedicution  U)  Sir  Wm.  Paddy,  M.  O.,  in  1834."  (Tliia  paasage,  as  well  as  the  pre- 
vious bifetory  of  the  "  Theatrum  Insectomni,"  will  be  found  iu  Kirby  aud  Speiice, 
Introd.  IV,  p.  429-430.)  I  spell  .Vow/ci  (K,  and  8.  have  -WoujTet)  as  I  find  it  on  (he 
title,  page  of  iiiy  copy  of  the  "Tlieatmra,"  IKM.  Hy  a  strange  and  perhaps  siguifi- 
cant  coincidence,  sucb  worlcs  as  Monfot's,  Swammerdam's,  and  I.yonet's  "  Recber- 
cbe8,"  were  neglected  by  their  contemporaries,  and  published  long  after  the  death 
of  tbeir  authors. 

4  Samuel  Bochart,  Hieroioicoa,  (tre  opnt  bipartitam  de  animalibiu  taera  leripturli, 
London,  1663.  This  stupendous  monument  of  erudition  was  my  principal  source 
for  all  tbe  references  OQ  the  Bugonia  ttmu  Greek  and  Roman  authors  (I.  c.  vol.  ii, 
p.  501i-C>05).     I  have  also  used  Aldrovandi,  Da  animalibiu  intaclit,  BologOA,  160S  (p^. 
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The  original  cause  of  tbis  dela»ioii  lies  in  tbe  fact  thiit  a  very  com- 
mon fly,  scientifically  called  Erutalia  teHox  (popularly  the  drone  fly), 
lays  its  eggs  upon  carcasses  of  auinials,  that  it«  larrsB  develop  within 
the  putrescent  mass,  and  finally  cliange  into  a  swarm  of  flies  which,  ia 
their  shape,  hairy  clothing  and  color,  look  exactly  like  beea,  altlioagb 
they  belong  to  a  totally  different  order  of  insects.  Bees  belong  to  tbe 
Order  Hymenoptera,  and  have  four  wings;  the  female  is  provided  witli 
a  sting  at  the  end  of  the  body;  the  fly  Erigtalis  belongs  to  the  Order 
JHptcra,  has  only  two  wings  and  no  sting. 

The  final  extinction  of  this  absurd  notion  among  civilized  nations 
was  dne  to  two  causes: 

(1)  Among  scientific  men,  to  the  confutation  of  the  old  belief  in  spon- 
taneous generation,  and  tbe  general  recognition  of  the  principle :  omne 
vivum  ex  ovo,  proclaimed  by  William  Harvey  (1651),  and  by  the  great 
Italian  naturalist,  Bedi  (1668).* 

(3)  Among  the  ignorant  crowd,  to  the  introduction  of  a  sanitary 
police,  which  prevents  carcasses  from  lying  about  and  affording  the 
spectacle  of  bee-like  flies  swarming  around  them. 

Modem  commentators  of  Greek  and  Latin  authors  have  treated  tbe 
BvgonUt  with  a  contemptuous  sneer,f  without  taking  into  consideration 
that  a  superstition  so  universal  and  so  persistent  can  not  be  dismissed 
BO  easily,  and  must  necessarily  have  some  foundation  in  fact.  The 
refutation  of  an  error  is  not  complete  until  the  source  of  the  error  is 
revealed.  In  a  short  paper  on  the  geographical  distributioi.  of  tbe  fly, 
ErUtaiis  tenex  (Entoni.  M.  Mag.,  zxili,  p.  97-99,  London,  1886),  I  intro- 
duced incidentally  the  explanation  of  the  Bugonia,  founded  upon  a 
resemblance  of  this  fly  to  the  honey-bee.  Already  at  that  time  it  seemed 
strange  to  me  that  such  an  obvious  and  simple  explanation  had  never 
been  proposed  before.  Since  then  I  have  undertaken  a  regular  search 
in  entomological  literature  in  order  to  ascertain  if  any  approach  to  such 
a  solution  could  be  found  in  previous  writers,  and  to  inquire  into  the 
causes  that  had  delayed  it  so  long.  J  shall  now  attempt  to  give  an 
account  of  my  inquiry  and  to  show  that.,  as  soon  as  certain  conditions, 
necessary  for  the  confutation  of  that  error  were  fulfilled,  the  error  dis- 
appeared of  itself. 

The  principal  factor  underlying  the  whole  intellectual  phenomenon 

' Francesco  Redi's  work,  EiperiemeiHlorno  alia  gaiera!io«e  degrineetli,  appeared  iu 
Florence,  1668.  F.  Kedi,  born  in  Xtezzo,  l&iG;  died  in  Finn,  169T.  He  was  the  phy- 
iician  of  the  Grand  Duke  of  Tuscany,  and  at  the  same  time  a  uaturaliat,  a  poet  anil 
a  literary  personage  in  general.  His  letters  are  charming.  I  possesB  a  Neapolitan 
edition  of  hia  complete  works  ia  Boven  volumes,  dated  17TS.  and  sball  itaote  fVom  it. 

•  For  instance,  Job.  Beckmanii,  commentator  of  Antigouua  CaristiuH,  Job.  H. 
Voes,  translator  aii<l  commentator  of  the  GcorgicN,  etc.  I  owe  my  acquaintance 
witli  these  boolis  to  Prof.  Zaagemeixler,  director  of  tbe  University  Library  in  Hei- 
'-rlberg.    Tbe  cominentaries  of  Prof.  Marlyn  on  tbe  GeorKira  (Loudon,  1741),  wbicfa 

Ind  quoted  iu  Smith's  liictiou.  Biogr.  aud  Mytbol.,  etc.,  I  bave  not  been  able  to 
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we  are  iii<|uiriiit;  into  in  the  wellkiiuwn  intlueiKw  wliieli  i)rovaiIs  in  all 
bamiiu  matters,  and  this  factor  is  routine. 

"Thinking  is  difHcnlt,  and  acting  aceording  to  reason  is  irksome,"' 
Raid  Goethe.  People  see,  and  believe  in  what  they  see,  aud  the  belief 
easily  becomes  a  tradition.  Jt  may  be  asked.  If  those  people  bad 
that  belief,  why  did  they  not  try  to  verify  it  by  experiment,  the  more 
80  as  an  economical  interest  seemed  to  be  connected  with  it. 

The  answer  is  that  thef  probably  did  try  the  experiment,  and  did 
obtain  something  that  looked  tike  a  bee;  bnt  that  there  was  a  second 
part  of  the  experiment,  which,  if  they  ever  tried  it,  never  nneceeded, 
and  that  was  to  make  the  bee-like  something  ^trodnKe  honey.  If  they 
did  not  care  much  about  this  failure,  and  di<l  not  prosecute  the  experi- 
ment any  further,  it  is  probably  because,  in  most  cases,  they  found 
that  it  was  much  easier  to  procure  bees  in  the  ordinary  way.  That 
such  was  really  the  kind  of  reasoning  which  prevailed  in  those  times 
clearly  results  from  the  collation  of  the  passages  of  ancient  authors 
about  the  Bugonia.  There  were  different  recipes  for  it;  one  wanted  the 
ox  to  be  buried  with  projecting  horns,  through  whicb,  after  they 
were  cutoff,  bees  would  emerge;  another  (and  no  less  a  personage 
than  Pliny),  contended  that  it  is  sufficient  to  use  the  entrails  of 
an  ox,  aud  to  cover  them  with  dung,  etc.  Florentinus,  an  obscure 
writer  in  the  Geoponicaf  gives  au  account  of  the  process  that  was 
used  by  Juba,  King  of  Mauritania:  "Build  a  house.  10  cubits  high, 
with  all  the  sides  of  equal  dimensions,  with  one  iloor,  and  four 
windows,  one  on  emli  side;  put  an  ox  into  it,  thirty  months  old,  very 
fat  and  fleshy;  let  a  number  of  young  men  kill  liim  by  beating  him 
-  violently  with  clubs,  so  as  to  mangle  both  flesh  and  bones,  but  taking 
care  not  to  shed  any  blond;  let  all  the  orifices,  mouth,  eyes,  nose,  etc., 
be  stoppeil  up  with  clean  and  line  linen,  impregnated  with  pitch;  let  a 
quantity  of  tbyme  be  strewed  under  the  reclining  animal,  and  then  let 
windows  and  doors  be  closed  and  covered  with  a  thick  coating  of  clay, 
to  prevent  the  access  of  air  or  wind.  Three  weeks  later  let  the  bouse 
be  opened,  and  let  light  and  fresh  air  get  acces.s  to  it,  except  from  the 


'  "  Deoken  iat  acliwur,  oncb  derii  Ciedachten  hitnileln  nnbeijiioiii."    Gnelhe. 

ITho  Geopoaica,  or  Wurk  of  Agriuiiltiire,  was  a  compilation  of  old  Greek  and 
Roman  authors  OH  the  eamo  Bubjeot,  onlureil  l>y  the  Emperor  ConRtuntitie  Porphy- 
rog«nAta,  and  executed  in  all  probability  by  CaasiauuH  Dossiib,  a  conteniporarj  writer 
(I  i|iiotefrom  W.  Smith,  Diet.  of<Jr,  aud  Rom.  Biogr.  aud  Mythol.,  nib  voce  Kmods). 
EloreiitiniiB,  to  all  aj>pi-araiiceB,  is  one  of  the  aiithnrs  made  nse  of  Id  the  (Itopotiica, 
bnt  nolliing  more  Bf^ems  to  lie  known  nlioiit  him  (compare  I.  c.  auft  rocs  Floreatinne; 
tho  statement  or  this  article,  by  a  dUTi^rent  author,  is  not  in  entire  agreement  with 
that  ou  DasanB.)— I'l'of-  A.  Men,  of  Heidelbei^,  the  celebrated  Syrioc  scholar,  told 
11)0  of  an  old  Syriae  tronHlation  of  the  Geoponica,  which  may  possibly  have  been  the 
channel  through  which  the  nation  of  the  Bagonia  spread  eastwards.  He  added  that 
the  HayiU  el-haiwfLn  (the  Life  of  AnimnU)  by  Datairi  (ot  Demiri),  and  other  Arabic 
works,  may  rontajn  atlnaionBto  the  Uagonia.  It  ia  bc^yond  my  jiroviDce  to  follow  up 
these  snggestions,  but  I  take  Mlvantage  of  thia  opportnuit;  to  express  to  Prof. 
Henc  my  sincere  thanks  for  the  interext  he  took  in  my  research. 
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side  from  which  the  wiad  blows  atrougest.  Aftei-  eleveu  days  yoit 
will  tiDd  the  house  full  of  bees,  bangiug  together  in  clusters,  and 
nothing  left  of  the  ox  bat  horuH,  bones,  and  hair."    (Aldrovandi, 

I,  c.  p.  fiS;  also  a  mention  in  Bedi,  I.  c.  i,  p.  53.)  Some  authors,  like 
Oelus,  and  afterwards  Colnmella,  show  their  vommon  sense  in  declar- 
ing that  is  useless  to  take  all  this  trouble,  when  hive-bom  bees  can  be 
so  easily  obtained.  1  ahaU  retam  to  this  snbjeot  in  treating  of  the 
literature  of  the  Bugonia. 

All  these  errors  would  have  been  avoideti  if  the  people  from  the  very 
beginning,  had  known  how  to  distinguish  a  honey-bee  from  a  bee-like 
fly.  TJntiithiB  knowledge  was  forthcoming  there  was  no  reason  for  not 
believing  in  the  Bugonia. 

Aristotle*  knew  that  four-winged  insects  have  the  sting  in  the  tail 
and  the  two-winged  ones  in  the  front  of  the  bead ;  and  for  this  reason, 
if  he  ever  came  in  contact  with  Eriatalia  tenaai,  he  would  have  recog- 
nized a  fly,  and  not  a  bee,  in  it.  At  any  rate,  although  he  was  a 
believer  in  spontaneous  generation,  he  never  mentioned  the  Bttgotua 
in  his  paragraphs  aboot  bees. 

But  after  Aristotle,  for  a  period  of  about  twenty  centuries,  the  ques- 
tion of  Bugonia  remained  in  abeyance,  and  the  belief  was  accepted 
even  by  men  of  learning.  I  \viU  show  in  the  sequel  that,  as  Iat«  as 
1662,  there  was  a  Dutch  mvant,  in  whose  presence  an  B.  tenax  was  pro- 
duced from  putrescent  matter,  and  who  actually  took  it  for  a  honey- 
bee, and  the  case  before  him  as  an  instance  of  Bugonia! 

The  thesis  which  I  maintain  is,  that  it  is  to  E.  tenai;  alone,  and  no 
other  bee-like  or  wasp-like  flies  (OUstridce,  Helopkilus,  etc.)  that  the 
origin  of  the  belief  in  the  Bugonia  is  due;  in  other  words,  that  if  this 
particular  fly  bad  not  existed  the  belief  would  never  have  arisen. 
E.  tenor  has  several  attributes  which  make  it  pre-eminently  fitted  for 
assuming  therAIe  of  an  oxen-bom  bee: 

(1)  It  is  more  like  a  honey-bee  than  any  other  fly;  the  other  flies, 
which  have  been  named  in  connection  with  the  Bugonia,  have  a  differ- 
ent aspect;  the  (Estrida  are  more  like  humble-bees;  fetopAiIiu  is  more 
like  a  wasp. 

(2)  It  oviposits  on  carcasses  in  a  state  of  far  advanced  decomposition 
in  which  its  larvse  thrive,  and  these  habits  correspond  to  the  tradition 
of  the  oxen-bom  bee.  The  larv.-e  of  <£t<trus  (genns  Eyfoderma)  live 
in  the  skin  of  finnj;  animals;  the  wasp-like  if«^>pAilu8,  although  a  close 
relative  of  Eristalis  in  the  zoological  system,  and  developing,  like  that 

'  AriBtotel«8,  £j<f.  Anim.  iv,T,4:  "The  wiD);odoDeHainuii>;  insects,  are  cither  two- 
tringed,  like  flies,  or  four-winged,  liku  bee«;  but  nooe  of  thosu  which  have  a  sting 
in  the  tail  are  two-winged."  And  I.  c.  IV,  7, 3:  "Also  the  myopt  (probably  ./r<nHa- 
topola  etrculieni)  and  the  irslroi  (Tabanns)  have  a  hard  toiiguo  ...  because 
all  that  have  no  tail  sting  uae  the  tongue  ne  n  weapon."  Also  in  the  De  partibiu 
fintni.  IV',  6,  3-4,  where  Aristotcles  says  that  Diptera  have  but  two  wings,  becauxo 
they  are  lighter  than  Hymen  op  ti^ra.     1,  B.  MBjer,  Ariilolele$  Tkierkundt,  Berlin,  1850, 

II.  209,  has  some  critical  remarks  about  these  passages.  /  ~  r 
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fly,  from  arat-tuiled  h^rva,  is,  in  (wmparison  t«  E.  tenax,  of  rather  rare 
occarrenc«,  and  would  not  have  been  noticed  ho  easily  aad  so  generally. 

(3)  The  very  commou  occnrrence  of  Eristalis  tenax,  and  (as  I  will 
show  in  tlie  paragraph  about  its  geographical  distribution)  the  truly 
fabaloQH  rapidity  of  its  propagation  under  favorable  circumstances, 
must  have  struck,  from  the  earliest  times,  the  eyes  and  the  imagina- 
tion of  the  ignorant  crowd,  and  this  obtrasiveness,  combined  with  the 
swarming  of  the  fly  round  carcasses,  and  its  bee-like  aspect  led  quite 
naturally  towards  the  belief  in  the  Bugonia. 

This  thesis,  that  Eristalu  tenax  alone  is  the  cause  of  the  Bugonia 
craze,  being  given,  what  remains  for  me  to  do  is  to  show  how,  at  the 
end  of  those  twentycenturiesof  inertia,  the  question  about  the  JSujronta 
came  up  again,  and  after  some  uncertainty  and  groping,  found  its  solu> 
tion  in  the  recognition  of  that  truth. 

A  group  of  men,  almost  contemporaries,  brought  about  that  solution 
in  the  seventeenth  century,  by  dint  of  observing  insects  in  life,  and  not 
by  merely  compiling  authorities.  These  men  were:  Uoedart  (1620- 
1668),Blankaart(hi8  work  appeared  in  1688),Swammerdam(1637-1680), 
all  three  in  Holland;  Bedi  (1626-1U9T)  and  Yallisuieri  (1661-1730)  in 
Italy,  and  ttnally  B^anmur  (16S3-1T57)  in  France. 

iioeAart  {Metamorpkogis  imectorum,  etc,  1662;  edition  in  Dntch  1669] 
gives  rough  but  distinct  figures  of  the  larva,  pnpa,  and  imago  of  E. 
Iejuix{l.  c.  Tab,  ii,p.25).  HecallsthelarvafermicuItM j>omnu«.  The 
imago  is  distinctly  figured  as  a  two- winged  By,  and  the  letterpress  also 
speaks  of  two  wings;  nevertheless,  for  some  unknown  reason,  Goedart 
calls  it  apis  (bee). 

That  so  carefiil  and  conscientious  an  observer  should  have  taken  a 
fly  for  a  bee  is  out  of  the  question.  Hwammerdam,  who  reproached  him 
with  this  mistake  (Btbl.  Nat.  Germ.,  ed.  1758,  p.  212),  changed  his  mind 
in  another  part  of  his  work  (I.  c,  p.  257),  and  took  to  task  Dr.  de  Mey, 
Goedart's  commentator,  as  the  guilty  party.  Goedart  was  not  a  class- 
ical scholar;.  Reaumur  (vol.  i,  p.  29)  notices  it  in  a  passage,  which  is  a 
choice  specimen  of  French  finesse  and  urbanity:  "Ceux  m£me  (ies 
naturalistes)  qui,  par  uue  ignorance  pcut-€tre  heureuse,  n'^taieut  pas 
en  ^tat  de  lire  les  anciens,  comme  Goedart  et  )llle.  Marian,  ont  travaillfe 
utilement."  It  was  the  classically  learned  de  Mey  who  sawin  Goedart's 
observation  an  actual  case  of  Bugonia.  He  took  the  Eristalia  for  a 
honey-bee,  and  composed  a  preposterous  AnTwtation  about  it.  Swam- 
merdam,  the  representative  of  the  new  science,  was  seized  with  an 
almost  ludicrous  fit  of  wrath  about  this  piece  of  presumption,  "  The 
fuss,  says  he  (I,  c.)  de  Mey  makes  about  this  story  is  truly  astonishing, 
and  plainly  shows  that  be  is  equally  ignorant  of  the  nature  of  the  bee,  as 
of  the  nature  of  the  fly.  This  is  one  of  the  bad  habits  of  our  day  that 
statements  are  made  on  matters  about  which  one  knows  nothing,  for  the 
mere  purpose  of  getting  a  reputation  of  wisdom  and  knowledge."  An 
amusing  instance  of  the  collision  between  [he  old  and  the  new  learning. 

ooglc 
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Blaiikaart  (Svhauptatz  drr  Raupen,  Wurmer,  etc.;  Dutcb  edit.,  1688; 
Gennau  edit.,  1690)  dtiwribes  and  figun-tt  the  liuva,  pupa,  uud  imago 
o(E.  tenax.  Tlie  larva  Le  calls  {after  Goolart)  Schwein-ifade.  Of  tlie 
iiuago,  he  says,  "eine  Art  ron  zalimen  Bieaen  (Musca  api/ormw)  lait 
zwei  Fliigeln,"  etc.  ("A  kind  of  tame  bees  with  wings".)  He  adds: 
"Quite  different  fW>m  vhat  Goedart  tauglit  as,"  a  reproach  which,  I 
have  shown,  is  nndeserved. 

Swammerdam's  (1637-1680)  principal  work,  the  "  Biblla  oatoRe " 
(Leyden,  1737-38;  in  German,  Leipzig,  1858),  watt  publiahed  more  than 
half  a  century  after  bis  death. 

Swammerdam,  in  two  passages  of  his  "  Biblla,"  comes  very  near  con- 
necting Eristalis  tenax  with  the  Bugonta,  and  it  is  only  bis  bias  for  a 
literary  interpretation  of  a  scriptural  text  which  prevents  him  from 
taking  the  last  step  that  was  needed.  In  his  chapter  on  bees  (pp. 
210-212)  he  saya  that  because  bees  are  cleanly  animals,  and  never  alight 
on  carcasses,  the  story  of  Samson  has  appeared  to  many  strange  and 
incredihle.  He  offers  an  explanation  very  similar  to  that  of  Bochart* 
(whom  he  does  not  quote  and  does  not  seem  to  know),  that  the  lion  was 
not  a  corpse,  hut  a  skeleton.  It  was  in  the  height  of  summer;  the 
larva;  of  certain  Hies  always  occurring  in  carcasses  have,  in  a  very  short 
time,  devoured  all  the  flesh ;  the  remaining  skeleton  was  soon  fVeed 
fh>m  all  bad  smells  by  the  combined  action  of  sun,  rain,  and  dew; 
under  such  circumstances  it  is  possible  ("es  Visat  sich  ohnsehwer 
begreifen  ")  that  the  skeleton  may  have  become  the  liabitation  of  bees 
during  the  swarming  season  (1.  c,  p.  211,  right  column).  On  page  213, 
Swammerdam  continues:  "This  story  of  Samson  and  his  bees,  mis- 
understood as  it  was,  has  undoubtedly  given  rise  to  the  common  ignor- 
ant cra/.e  that  bees  originate  from  lions,  oxen,  and  horses.  The  craze 
was  probably  couflrmed  by  the  sight  of  the  great  mass  of  worms  which 
occur  in  such  carcasses  in  summer,  the  more  so  as  these  worms  are 
somewhat  ("einigermassen")  like  the  larvie  of  bees.  This  apparent 
resemblance  has  undoubtedly  fortified  this  error,  which,  ridiculous  and 
groundless  na  it  is,  has  found  advocates  even  among  the  most  learned 
men.  The  laborious  Goedart  has  not  hesitated  to  make  bees  breed 
from  dung-worms,  and  the  learned  De  Mey  has  shared  his  opinion, 
although  what  he  took  for  a  bee  was  nothing  bat  a  fly,  which  looked 
somewhat  bee-like,"  etc. 

In  a  later  part  of  this  work  (I.  <:,  pp.  256-257)  Swammerdam  gives  a 
detailed  description  (with  figures)  of  the  three  stages  of  Erigtalia  tenax. 
Ho  notices  (I.  c,  p.  257  at  the  bottom)  that  the  fly  has  been  frequently  ' 
taken  for  a  bee,  and  that  Augerins  Clutius,f  in  his  little  work  on  bees. 


'  Bochart's  explanation  will  be  given  further  ou. 

t  Tbpoilor  Aiigur  Cliitiiin,  also  culloil  nirck  Clnyt,  apothecary  and  botAniat  in 
Leyden,  at  the  end  of  the  aixtecntti  and  the  beginning  of  th«  npxt  century.  Hit 
book:  On  Beea  (Vande  llien,  etc.),  appeared  iti  Le.vileii  in  iri!l7  and  hod  seven  edi- 
tioun,  the  lant  in  ITOTi.     I  borrow  these  atuteuienta  from  II.  A.  Hagen'a  Bibliothwa 
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has  deiioiiuced  tlii^  eiror.  He  exiiuerates  Guedart  of  his  supposed 
mistake  aud  charges  De  Mey  with  it  (as  I  have  already  explained 
above). 

It  follows  fi-om  these  statements  that  Swammerdam  was  fully  aware 
of  the  absurdity  of  the  Bugonia  craze,  but  that  he  did  not  quite  grasp 
the  part  played  by  E.  ttitajc  in  it,  and  would  not,  even  in  the  presence 
of  sufficient  evidence,  give  up  his  basis  for  a  literal  interpretation  of 
the  Holy  Scri])tures.  In  fact  he  connects  the  belief  in  the  Bugonia 
with  the  story  of  the  bees  of  Samson,  as  if  the  ancients  (Greeks  and 
Romans)  knew  anything  about  Samson! 

Rcdi,  a  eontemi»orary  of  Swammerdam,  stood  on  the  same  level  with 
bim  on  the  question  of  the  Bugonia.  Both  were  a^lversaries  of  sponta- 
neous generation,  and  nevertheless  both  misunderstood  the  story  of 
Samson.  Kedi  {Esperieme,  etc.,  p.  58)  accepts  the  interpretation  of  Boc- 
bart.  And  with  regard  to  t)ie  relation  of  bee-like  flies,  and  especially 
of  ^/.  tenax  to  the  Bugonia,  both  Beem  to  have  been  in  the  dark.  My 
Keapolitan  edition  of  Kedi  (1778)  contains  a  supplement  by  Oirolamo 
Gaspari  *  front  Verona  (l.  c,  p.  140), who  states  quite  distinctly  that  Kedi 
only  denounced  the  error,  and  that  it  was  Vallimieri  who  explained  its 
origin  by  discovering  certain  bee-like  flies  which  insert  their  eggs  into 
the  skins  of  animals.  But  this  discovery  of  VaUisnieri  was  not  quite 
up  to  the  mark ;  what  he  discovered  were  Oestrid<e  of  the  genus  Hyph 
derma,  aud  not  E.  tenax.  Ilypodermte  are  bot  flies,  some  of  which  look 
more  like  bumblebees  than  honeybees;  their  larvie  occur  in  the  skin 
of  oxen  and  of  diSerent  kinds  of  deer,  including  reindeer.  Yallisnicri 
was  also  mistaken  when  be  took  the  bot  of  the  horse  ( Gastrus  equi),  whose 
larva  lives  in  the  stomach  of  this  animal,  for  the  representative  of  the 
wasp,  which  the  ancient  writers  thought  was  generated  from  carcasses 
of  horses.  It  is  a  fly  of  the  genus  Helophilus,  which  passed  for  a  wasp 
among  the  ancients;  Jfelopkilua  is  &  close  relative  of  £m(ali»;  it  has, 
like  Eristalig,  a  rat-tailed  larva,  which  live  in  putrescent  matter.  Bat 
in  its  coloring  EeUtpkilm  resembles  a  wasp  (black,  with  yellow  stripes 
and  spots),  while  Eriatalia  resembles  a  bee.  And  yet  that  VaUisnieri 
knew  E.  tenax  maybe  inferred  from  his  words:  "That stout  and  stupid 
fly,  which  is  bred  from  certain  worms,  provided  with  a  tail,  aud  some- 
times called  aquatic  intestines  {intestini  aquaticif  (VaUisnieri  Esperi- 
eme, etc.,  p.,  149).  On  the  same  page  Vallisideri  gives  instances  of  the 
con&sion  between  the  terms  of  been  and  flies  in  ancient  authors,  and 
.  quotes,  among  others,  Lampridius  Life  of  ffeliogabalus,  chap.  26.    I 

eutomologicB,  i,  p.  133.  I  have  comiulted  the  fifth  edition  (1648  nhtch  wm  kindly 
li'nt  to  me  by  tbe  Gtanrt  Ducal  Library  in  CarlBruhe,  Clutiiis  also  ap«ak8  uf  ttie 
Valrida-  (p.  tO).  The  "Aiif^rius*'  (miHprintetl  Jugeniun)  referred  to  by  Vallisnien, 
E»pfrieii:r.  etc.,  p.  II  (1726),  is  evidently  the  sanio  Cliitiua. 

"  Dr.  t!.  Giispari  (I.  c.)  iiuoteH  from  Vallianieri'a  THaiogo  fra  'I  Malpighi,  e  PUnio, 
Venezia,  1700.  I  b.ivo  uiit  Been  tbia  work,  biit  I  puascBB  his,  F.Kptrieme  td  OlwrTO- 
Houi,  «tc.,  secotKl  edition,  1726.     Anlouio  Vallitiuieri   (1661-1T30)  waa  profeaaor  in 
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traiislatK  tbis  passage  of  Lampridius;  "Ab  a  gift  to  his  parasites, 
Heliogabalus  oftentiiiies  seut  them  vessels  filled  with  frogs,  scorpions, 
snakes,  ami  other  disgusting  auimals.  Such  were  sometimes  filled  with 
numerous  flies,  which  he  called  tame  bees."  These  tame  bees  were 
undoubtedly  Eristalia  tenax,  and  the  practical  joke  of  the  Itoman 
Em^teror  consisted  in  lightening  his  friends  with  them. 

Reaumur  {Mem.,  vol.  iv,  439,  quarto  edit,  1738)  came  a  little  later 
than  the  above-quoted  authors  and  inade  use  of  their  works.  (Compare 
vol  I,  p.  29,  and  vol.  iv,  p.  510,  about  Vallisnieri.)  It  isKeaumur  who, 
for  the  first  time,  brought  the  Bugonia  and  E.  tenax  distinctly  together. 
At  the  very  beginning  of  the  chapter,  *'0f  two-winged  flies  which 
look  like  bees,"'  in  which  he  gives  the  life  history  of  this  fly,  the  follow- 
ing passage  occurs :  "  Such  resemblances  (between  certain  hymeuo[ttera 
ami  diptera)  have  deceived  people  at  a  time  when  observations  were 
not  very  accurate;  such  resemblances  have  made  people  believe  that 
honey-bees,  humblerbeea,  hornetH,  and  wasps  originate  in  putrescent 
matter  upon  which  those  other  flies  occur.''  ("Ce  sout  ces  memes 
ressemblances  qui  en  ont  impose  daua  des  temps  ou  Ton  n'y  regardait 
pas  d'assez  pr^sj  cu  sent  cea  ressemblances  qui  ont  fait  croire  que  les 
abeilles,  que  les  bourdons,  que  les  frelons  et  les  guep^s  veuaient  de  cer- 
taines  matieres  pourriei^  sur  lesquelleson  trouvait  les  autres  moaches.") 
This  is  the  explanation  of  the  Bugonia  in  a  nutshell. 

But  Reaumur  was  working  at  a  time  when  a  systematic  nomencla- 
ture of  entomology  was  not  yet  introduced,  and  that  prevented  him 
^wn  expressing  his  meaning  with  more  precision ;  in  other  words,  from 
naming  the  species  which  lie  meant.  Thus  it  happened  that  the  very 
important,  but  perhaps  too  concise  passage  which  I  quote  has  ever 
since  been  entirely  overlooked,  as  if  it  had  never  existed.  I  have 
searched  in  vain  in  Kirby  and  Speuce,  in  Westwood's  Introduction/ 
and  in  other  entomological  works  for  any  other  passage,  either  allud- 
ing to  Beaunmr  or  ofl^ring  an  independent  explanation  of  the  origin 
of  the  Rvgonitt. 

This  apparent  missing  link  in  entomological  literature  encourages  me 
to  put  the  whole  v,a»e  before  tlie  public,  although  I  feel  very  unequal 
to  the  task,  especially  in  its  philological  and  literary  aspect.  I  consider 
the  story  of  the  Bugonia  principally  as  an  iuterestjug  episode  in  the 
history  of  science;  a  remarkable  iustiince  of  the  tonicity  of  ignorance 
and  of  the  insufficiency  of  the  testimony  of  the  senses  aloue,  without 
the  control  of  previously  a*^^quired  knowledge. 

The  origin  of  the  belief  in  the  Bugonia  must  be  sought  in  prehistoric 
times,  wlien  country  people,  keeping  cattle  and  bees,  observed  bee-like 
flies  swarming  about  dead  animals.    The  earliest  appearance  of  the 

'The  ]iuaHag€)  in  WtnUeaod,  Iiiliiul.,  ii,  p.  D'lT:  "Muiiv  Hpnciea  au  iiiticli  rMeublo 
Liimlile-bveH,  wa«pH,  SDd  otlier  iliptera  that  llicy  iire  niiiHtnntl.v  miataken  Tor  tbem 
by  tfae  inexperieuced,"  contaiuB  no  reference  nliatover  to  the  ^H^onio. 
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belief  in  literature  is  foaud  in  the  story  of  Sainaon  [Judges,  xit,  8),  of 
wbich  I  have  already  spoken  in  the  paragraph  about  Swammerdam. 
In  the  rineyarda  of  Tiinaah  Samson  had  killed  a  liou,  and,  "after 
awhtle,"  on  his  way  to  fetch  his  bride,  "he  turned  aside  to  see  the  car- 
cass of  the  lion:  and  behold,  there  was  a  Bwarm  of  bees  in  the  body 
of  the  tiou,  and  honey;  and  he  took  it  into  his  handstand  went  on, 
eating  as  be  went,"  etc.  As  soon  as  a  myth  is  start>ed  it  begins  to 
grow.  The  seeing  of  a  swarm  of  bee-like  flies  was  a  fact;  the  finding 
and  eating  the  honey  was  the  myth  grown  oat  of  the  misconceived 
fact.  The  riddle,  which  Samnon  proposes  afterwards,  affords  the 
proof  of  another  fact:  that  the  belief  in  the  Bw/onia  was  carrent 
among  the  people  at  that  time;  because,  without  that  substratum,  the 
riddle  woald  not  have  had  any  meaning: 

Ont  or  tb«  eater  camo  forth  meat 

And  out  of  the  strong  came  forth  itweetiiem. 

The  narrator  of  the  tale  arranges  it  so  as  to  make  it  a  preamble  to 
the  riddle:  When  Samson  gave  the  honey  to  his  parents  he  did  not 
tell  them  that  be  bad  taken  it  from  the  body  of  the  lion;  because  if  he 
told  them,  they  (as  believers  in  the  Bugonia)  would  have  solved  the 
riddle  immediately,  without  the  necessity  of  guessing.  The  story, 
therefore,  represents  a  real  occurrence,  based  upon  a  well-observed  but 
wrongly  interpreted  natural  phenomenon. 

It  is  curious  to  notice  how  Samuel  Bosbart  (vol.  il,  p.  502}  comments 
on  this  passage  of  the  Book  of  Judges  in  order  to  meet  possible  objec- 
tions. He  admits  that  bees,  besides  their  natural  origin  in  bives,  are 
produced  fW)m  dead  oxen,  in  conformity  to  the  opinion  of  numerous 
ancient  authors;  but  he  scoffs  at  the  ignorance  of  those  who,  relying 
on  the  scriptural  text,  admit  two  kinds  of  animal-bred  bees,  andattacks 
especially  Moafetonthat  matter:  "Necaudiendus^afetus  Anglns  qui 
in  Insectorum  Theatro,  alias  apes  scribit  ease  leontogenes,  alias  tauro- 
genes/'  In  order  to  explain  the  appearance  of  bees  in  Samson's  lion, 
.  Bochait  establishes  three  propositions; 

(1)  Although  it  is  stated  in  the  text  that  the  bees  were  in  the  carcass, 
it  is  not  stated  that  they  were  Intrn  there  ("  apes  in  leonis  corpore  fuisse 
repeiiAs,  non  tamen  ibi  natas"). 

(2)  That  between  the  killing  of  the  lion  and  the  finding  of  his 
remains  a  wkole  year  had  elapsed,  because  the  expression  "  after  a 
while"  {post  diem)  in  Hebrew  must  be  understood  to  mean  a  whole 
year.  A  host  of  authorities  are  adduced  by  Bochart  to  sustain  this 
strange  proposition. 

(3)  That  at  the  end  of  a  year  the  corpse  was  reduced  to  the  state  of 
a  clean  skeleton,  in  which  the  bees  could  take  shelter  without  repug- 
nance, the  bees  being  clean  animals. 

But  Bochart  does  not  explain  how  those  cleanly  bees  which  could 
not  stand  a  rotten  lion,  could  be  born  from  rotten  oxen. 
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All  this  tli8[)lay  <>f  learning  and  acute  reasoning  would  have  been 
unnecessary  if  Bochart  had  known  that  liis  pretended  honey-bees  were 
not  bees  at  all,  but  two-winged  flieu.  And  it  ia  iutereatiug  to  notice 
bow  both  Swammerdam  and  liocfaart  were  ted  astray  by  their  inteuse 
desire  to  give  a  hteral  interpretation  to  the  scriptural  text,  and  to  save 
Samson's  bees  at  any  price,  although  their  starting  point  was  quite 
different,  because  Bocliart  believed  in  the  Bugonia  and  Swammerdam 
did  not.  The  former  was  hampered  by  the  authority  of  the  ancient 
writers,  as  well  as  by  that  of  the  Holy  Scriptures;  Swammerdam  by 
the  Scriptures  alone. 

About  the  time  when  I  published  my  above  quoted  article  in  the 
Entomological  Monthly  Magazine  I  communicated  my  solutdoD  of  the 
question  of  (he  Bu^^onta,  and  its  possible  apphcatiou  to  the  story  of 
Samson,  to  the  eminent  professor  of  scriptural  exegesis  in  Heidelberg, 
Dr.  Adalbert  Merx.  At  the  same  time  I  handed  to  bim  a  box,  con- 
taining about  half  a  dozen  of  pinned  specimens  of  Eristalia  tenax.  He 
received  this  communication  with  evident  delight,  and  recognized  that 
it  offered  a  simple  solution  of  a  text  which  had  been  discussed  for  cen- 
turies. Soon  afterwards,  be  published  in  the  German  Protcstantitche 
Kirchenseitung  No.  17,  1887,  pp.  389-392,  a  learned  article  entitled: 
"  I>er  Honig  im  Cadaver  des  Lowen"  (The  honey  in  the  carcass  of  the 
lion).  It  contains  a  summary  of  the  discussions  provoked  by  Sam- 
son's bees,  and  the  controversies  of  Alphoiis  Tostatus,  Bishop  of  Avlla 
(+  1454),  of  Lorinos  of  Avignon  (1559-1C34),  and  the  Jesuit  Bonfrere 
(1573-1643).  Professor  Merx  concludes  by  accepting  the  resemblance 
ofE.  tenax  to  a  bee  as  a  natural  solution  of  the  question  "AH  the  per- 
sons,  says  he,  to  whom  I  showeil  the  specimens  of  EriaUilig  at  once 
recognized  bees  in  them,,  except  a  medical  man  who  had  some  knowl- 
edge of  Entomology."* 

It  is  now  time  for  me  to  say  something  about  Eristalii  ienaa  Linne, 
that  bee-like  fly,  the  resemblance  of  which  to  a  honey-beo,  has  confused 
the  brains  of  the  scientific  and  unscientilic  world  for  so  many  centuries. 
I  shall  give  a  short  account  of  its  outward  appearance,  its  metamor- 
phosis from  the  larva,  and  of  some  remarkable  circumstances  con- 
nected with  its  geographical  distribution.  It  belongs  to  the  large 
family  Syrphidie  which  contains  a  considerable  number  of  handsomely 
colored  flies,  very  fond  of  flowers;  "they  fly  with  amazing  rapidity, 
and  many  delight  to  hover  immovably  over  certain  spots,  to  which 
they  will  return  if  disturbed  for  a  considerable  number  of  times." 
(Westw.  Introtl.,  ii,  p.  5o7.)  Their  coloring  consists  in  many  cases  of 
yellow  ciossbauds  and  sitots  on  the  abdomen,  and  also  of  similar 

'  John  Curtis,  Jlrit.  i.'n(.  Diptera,  N.  432.  Eriatalit  nubilipennii,  aaya :  " I  liave  had 
some  (lifHculty  tu  convJDCO  perHonH  totally  Ignorant  of  entomology,  that  thu  £r<*- 
laltn  nere  not  liecs,  and  it  ib  wortliy  of  obBervation  tlint,  when  renting,  tlie  Eritlalii 
'enax,  and  probably  the  whole  genua,  Leave  thuir  bodieH  up  and  dowo  aa  lieea  do,  aa 
f  thoy  were  pantiug.  " 
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marks  OD  the  tboraz;  or  else  they  are  clothed  with  a  hairy  covering 
of  different  colors. 

J?,  tenax  ia  of  a  dailer  coloring  than  most  of  the  species  of  the  family 
and,  in  that  respeet,  it  baM  remarkable  resemblance  to  a  honeybee. 
"This  resemblance  ia  so  great  (says Reaumur,  iv,  p.  440)'  that,  accus- 
tomed as  I  am  to  see  bees,  I  hardly  ever  dared  to  take  one  of  those 
flies  in  my  hand  without  hesitation.  ■  -  -  The  colors,  the  size, 
the  conformation,  and  the  proportions  of  the  different  parts  of  the 
body  of  these  two  insects,  belon^nf^  to  two  different  orders,  are  very 
much  alike.  The  bees  have  a  slightly  more  elongated  body,  and  their 
head  ia  proportionally  smaller.  The  fly  ke«ps  the  wings  more  or  less 
(livnricated ;  on  the  contrary  bees  at  rest  keep  them  above  the  abdo- 
men, the  one  covering  them  over;  bnt  in  sucking  flowera,  or  collecting 
wax,  they  often  have  them  divaricated.  Both  insects  fl-equeot  flowers, 
and  beliave  upon  them  in  more  or  less  the  same  manner,"  etc. 

The  coloring  of  the  abdomen  of  the  honey  bees  is  variable;  some 
varieties  have  very  distinct  brownish-yellow  crossbands  at  its  base. 
Just  the  same  varieties  occur  in  the  coloring  of  the  fly  E.  tenax. 

The  fly  appears  in  great  abundance  principally  in  autumn  and,  when 
the  days  become  chilly,  in  a  semitorpid  state,  either  sucking  flowers  or 
crawling  slowly  upon  walls  and  fences.  ■ 

Tha  laxva  of  E.  tenax  is  the  well-known  raf-tatl^  larva  (ver  &  queue^e 
rat,  80  called  for  the  first  time  byBeaumor,  I.  c.  iv,  p.  443);  it  is  figured 
in  the  same  volume,  plate  xxx.  A.  long  tail,  with  a  telescopic  arrange- 
ment lor  prolonging  or  shortening  it,  enables  the  larvae  to  live  several 
inches  deep  iu  the  water  and  to  pump  air  from  the  surface.  They 
fi«quent  pntrid  waters,  sewers,  etc.,  anil  crawl  out  of  them  to  change 
into  pupce  iu  the  vicinity.  The  vitality  of  these  larvae  ia  said  to  be 
extraonliuary,  and  for  this  reason  LinnS  gave  it  the  name  tenax  "  Hab- 
itat in  fimetis,  cloacis,  aquis  putrescentibus  viz  prelot  destruenda 
larva"  (Liun6,  Sj/Bt.  Nat.,  12th  edit,,  p.  984,  1766).  Rirby  and  Spence 
(vol.  IT,  p.  189)  say:  "  An  inhabitant  of  muddy  pools,  it  has  occasion- 
ally been  taken  up  with  the  water  used  iu  paper-making,  and,  strange 
to  say,  according  to  Iiinn6  (Fauna  Suedca)  resisted  without  injury  to 
immense  pressure  given  to  the  surroundingpulp;  like  leathercoat  Jack, 
mentioned  by  Mr.  Bell  {Anat4>my  of  Expression  in  Painting,  170),  who, 
from  a  similar  force  of  muscle,  could  suffer  carriages  to  drive  over  him 
without  receiving  any  injury."  Geoffroy  (vol.  Ii,  p.  521, 1762)  repeats 
the  same  story ;  "  This  larva  also  occurs  in  the  pulp  of  rags  from  which 

'There  U  ku  evideiit  error  in  ReBDmur,  I.e.  in  the  reference  to  the  plate  xxxt, 
flg.  8.  The  true  E.ietiat  is  repreeented  (rather  Jnditferentlf)  on  PI.  xx,  f.7;  com- 
pnre  the  eiplaoation  of  thie  figure  od  p.  283,  Mouche  en  forme  d'abeille,  etc.  I'late 
XXXI,  f.  8,  U  oorreotly  quoted,  '.  e.,  p.  474,  and  repreaente  Eriitalii  arbHitorum  9, 
or  some  allied  Bpeciex. 

ITranslatton.  "  Lives  in  daDgbesps,  cesspools,  piitresoent  waters;  a  roller  even 
will  not  kill  it." 

8M93 32 
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paper  is  made;  when  thia  palp  is  beatea  for  the  masafactnre  of  paper 
the  larva  although  badly  stmck  by  the  bammers,  ia  not  crushed,  bat 
aarvivea  and  prodaces  a  fly.  This  t^t  voald  aeem  ineredible,  if  it  was 
not  affirmed  by  the  great  naturaliat." 

Thia  tenacity  may  have  beeu  the  caase  of  the  success  of  this  fly  in 
the  eo-called  straggle  for  existence.  It  h&a  attained  an  almost  aniver- 
aal  distribution,  aud  the  progress  of  civilization  has  only  increased  its 
opportauitiea.  In  ancient  times  it  had  to  look  out  for  stray  carcasses; 
civilization  offers  it  its  drains,  canalizations,  cesspools,  aud  dung-heaps, 
in  which  it  can  wallow  in  abundance,  and  perhaps  better  protected 
against  possible  enemies.  Different  in  this  from  other  kinds  of  insects, 
which  diaappear  with  the  culture  of  the  land,  E.  tenax  thus  gained  a 
new  impulse,  and  spread  in  new  countries  with  an  astounding  rapidity. 
It  entered  into  a  kindofcommensalism  with  man,  like  the  ^u«cadoNi«a- 
Hea,  Teickomyzafiuca,  and  some  other  dipterous  insects,  which  are  at 
present  hardly  found  anywhere  except  among  human  habitations.  It 
is  very  rare  now  to  come  across  a  carcass,  and  to  see  E.  tenaai  hovering 
about  it.  '  The  only  instance  I  have  found  in  the  literature  consulted 
by  me  concerns  another  species  of  Briatalis,  E.  anthopKorinva  Zett, 
and  that  case  occurred  in  a  distant  and  primitive  country.  Zetter- 
stedC  (Dipt.  Seand.  ii,  666),  being  in  Lapland,  observed  a  small  swarm 
of  dies  of  this  species  round  the  carcasij  of  a  sheep:  "  Ad  cadaver ovia 
putridisaium,  aqnae  stagnant!  maximam  partem  immersum,  odore  fceti- 
dissimum,  indlvidua  7  vel  8  souo  pipiente  celerrime  circumvolando  cou- 
gregantia,  et  in  cadaveris  parte  supra  aquam  elevata  interdum  setlen- 
tift,  die  16  Junii  in  Lapponia  observavi,  ova  in  cadavere  sine  dubio 
deimsitura."* 

The  occarrenoe  of  this  fly  is  reported  ftom  all  parts  of  the  Old  World 
with  the  exception  of  South  AfVica  and  the  East  Indies,  about  which 
I  have  no  certain  data.  It  occurs  in  the  whole  of  Europe,  as  far  north 
as  Lapland,  the  northern  and  central  Asia,  beginning  with  Syria  and 
Persia,  through  China  to  Japan;  in  northern  Africa  (Algiers)  and  on 
the  islands  surrounding  AtVica  (Madeira,  the  Oanary  Islands,  and,  on 
the  eastern  aide,  Mndagitscar  and  Bourbon).  During  my  twenty  years 
of  residence  in  Xortli  America,  spent  in  collecting  diptera  and  i-eceiv- 
ing  collections  flpom  many  other  entomologists,  I  never  met  with  a  spec- 
imen of  E,  tfnax  uutil  November  G,  1875,  when,  to  my  great  astonish- 
ment, [  found  one  on  a  window  in  Dr.  Hagen's  house  in  Cambridge, 
Mass.  A  year  lator  (OctolH-r-Noveniber,  1876)  I  observed  several 
specimens  on  the  feiiooH  i>f  Newport,  R,  I.  In  June,  1877,  I  sailed  for 
Euroi>e,  but  I  heard  aOerwanls  that  during  the  same  year  the  fly  bad 

'  (Tritn*ln<<nti>.  In  Ln)iUiiil,  nn  flir  IiHh  of  .tiitiP,  ik^t  a  very  pntrid  carcosa  of  m 
m)im>P,  thP  RrKnlor  jwrl  nf  wliloli  wn-  imDicnwil  in  Ninpiant,  most  olttousirely  smell- 
iiiK  wiitoT.  I  p«'r.-*inHlM-viii  ori'iiilil  >>iv»'iinonH  Hyin^  aliniit  rapitlly  uid  emitting  a 
pi)ti)i|["<><in<1>  o'l''  "'"ii"'"!!!"  nliBliltiijt  nil  iliciii>rtiiiinifthfr*r<-jM«»b*Teilip  water, 
evidrntl.v  fnrth<>]iiir)>o-^>nr  il<>|«nli iiik  IlicirrgKH, 
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bcuoiue  so  vommon  tbat  "  hundreds  were  caught."  A  few  years  later 
the  species  was  reported  from  uearly  all  the  States  of  the  Uniou,  iDclad- 
itig  Oaliforuia and  Washington  Territory;  also&om  Oanada  (Montreal, 
eommon,  as  stated  by  Mr.  Caulfield  in  Canad.  Entom.,  1831,  p.  138). 

A  communication  made  by  the  American  dipterologist,  Dr.  Williston, 
proves  that  the  Invasion  has  gone,  not  ftx>m  the  Atlantic  border  to  the 
West-,  as  one  might  have  expected,  bnt,  on  the  contrary,  from  West  to 
East.  Dr.  Williston  had  seen  a  specimen  of  E.  tenax  hidden  among  a 
lot  of  duplicates  in  Prof.  Riley's  collection,  bearing  a  label  St.  Louis, 
August,  1870.  Upon  drawing  Prof.  Riley's  attention  to  the  fly  (which 
the  latter  did  not  previously  know  by  name)  he  was  assured  tbat  the 
species  had  long  been  familiar  toMr.Rileyinouthouaes  abontSt.  Louis. 
The  surprising  rapidity  however  with  which  the  species  spread  along 
the  Atlantic  coast  soon  after  its  first  appearance  renders  it  probable 
that  it  can  not  have  existed  in  St.  Louis  very  long  before  1870,  other- 
wise it  would  have  reached  the  Atlantic  sooner.  We  are  thus  driven 
to  accept  the  following  outline  of  its  history.  We  know  that  it  exists 
in  Japan  and  eastern  Siberia;  from  there  it  must  have  migrated  to  the 
North  American  Pacific  coast  perhajts  long  ago.  It  did  not.  s|>read 
eastward  at  once,  because  the  necessary  conditions  for  its  existence 
were  wanting  on  the  immense  plains  it  bad  to  cross,  just  as  the  Colo- 
rado beetle  lived  in  the  Rocky  Mountains  on  tiolanum  roatratum,  and  did 
not  spread  eastwards  nntil  civilization  brought  the  potato  plant  {Sola- 
tium tuberosum)  with  it,  and  thus  bridged  over  for  that  beetle  the  dis- 
tance between  its  native  mountains  and  the  Atlantic  coant.  The  con 
dition  which  civilization  brought,  and  which  favored  the  rapid  east- 
ward progress  of  E.  tenax,  consisted  in  the  drains,  sewers,  and  cess- 
pools, those  necessary  concomitants  of  crowded  centers  and  the  usual 
abodes  of  the  larva  of  Eristalis.* 

The  immigration  of  E,  tenax  into  New  Zealand  is  of  a  still  more 
recent  date  than  tbat  in  North  America.  The  Catalogues  of  the  New 
Zealand  Diptera,  by  Nowicky  (1875)  and  Prof.  J.  W.  Button  (1881)  do 
not  mention  it.  It  was  first  noticed  in  Wellington  (North  Island)  in 
October  and  November,  1888.  In  June,  1800,  Mr.  W.  W.  Smith  (Ash- 
burton,  South  Island)  writes:  "It  is  now  widely  dispersed  and  very 
plentiful  in  the  South  Island."  (Notes  on  Eristalis  tenax  in  New  Zea- 
land, by  W.  W.  Smith,  in  the  Entom.  M.  Mag.,  London,  1890,  pp,  240- 
242.) 

About  Australia,  with  regard  tJi  E.  tenax,  I  am  sorry  to  say,  I  have 
no  information  whatever. 

*  All  tlie  details  and  refereucea  about  the  ideographical  distribiitioa  of  EriatatU 
tenax  nill  1ie  fonnd  id  my  two  artiules; 

1.  Facia  coiiremiiig  the  impoTtatton  or  non-importation  of  dipt«TU  into  distant 
countrie(i(7>'ani.  fnf.Soo.,  London,  1884,  pp.48!MiW). 

2.  Suiiiu  new  facts  concerning  EHntattt  Uiiax  {Entom.  Montklg  Mag.,  London,  1886, 
xxni,  pp. 97-99). 
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Except  the  silk-worm  and  the  hoDey-bee,  I  hardly  know  of  any  insect 
that  can  show  an  historical  record  equal  to  that  of  Eri»tali»  tenax.  The 
record  begins  in  the  dusk  of  the  pre-historic  times,  and  continues  up  to 
the  present  dat«.  In  its  earliest  days  E.  tetMx  appears  like  a  myth,  a 
misunderstood  and  unnamed  being,  praised  for  qnaJities  which  it  never 
posaes&ed,  a  tbema  for  mytiiology  in  prose  aud  poetry;  later  on,  the  bab- 
ble of  its  glory  having  burst,  it  gradually  settles  into  a  kind  of  com- 
mensalism  with  man,  it  obtains  from  him  "a  local  habitation  and  a 
name,"  it  joins  the  Anglo-Saxon  race  in  its  immense  colonial  develop- 
ment, it  vies  with  it  in  prodigies  of  fecundity,  aud  at  present  renders 
hitherto  unrecognized  services  in  converting  ^'  atrocious  stuff"  into 
pure  and  clean  living  matter. 

I  close  this  chapter  on  the  Bugontacrfum  with  the  moral  of  it,  con- 
tained in  another  sentence  Irom  Goethe: 

"  Man  Hiolit  nur  was  iiibii  weisa."  * 

HEIDELBBUU,  JuHf,  1893. 

'  We  Bee  auly  what  we  kaow. 
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By  E.  J.  Marey, 
Membrr  of  Jnililute  of  i'VOniv. 


In  the  study  of  orgaaized  beings,  it  ia  a  matter  of  Hpecial  interest  to 
seek  for  tlie  tie  which  exists  betweeu  tlie  special  structure  of  each  spe- 
cies and  ita  characteristic  functions.  Tiie  more  and  more  intimate 
union  of  anatomy  and  comparative  physiology  will,  without  doubt,  lead 
to  the  discovery  of  the  fundamental  laws  of  morphogeny,  laws  which 
will  permit  us  from  the  form  of  an  organ,  to  foresee  its  i>ecaliar  uses. 
These  relations  are  already  partially  within  our  grasp,  so  far  as  the 
locomotor  apparatus  of  vertebrates  ia  concerned.  The  volumeand  length 
of  muscles,  the  relative  dimensions  of  the  bony  rays  of  the  limbs,  the 
form  and  extent  of  the  articular  surfaces,  permit  us  to  predict  the  gait 
of  a  mammal.  And,  on  the  other  hand,  the  correctness  of  these  preilic- 
tions  may  be  tested  by  means  of  chrono-photography,  which  fixes  the 
character  of  these  movements  in  a  series  of  iDStantaoeoas  images. 

The  readers  of  thia  Journal  already  know  how  the  gait  of  man,  of 
the  horse,  and  of  the  principal  mainmals  may  be  represented  by  true 
geometrical  diagrams  on  which  one  can  readily  trace  the  angular 
motions  of  the  different  segments  of  the  limbs,  and  the  speed  of  each 
part  of  the  body,  at  every  instant  and  for  each  gait. 

The  different  types  of  flight  among  birds  and  insects  have  also  been 
studied  by  means  of  chrouo-photography.  This  method  can  be  ext«nded 
to  the  analysis  of  the  locomotion  of  all  living  beings,  even  to  those  mov- 
ing JD  the  field  of  the  microscope.  This  done,  it  will  then  be  {wssible 
to  unite  and  classify  in  a  pictorial  atlas  a  series  of  types  of  animal  loco- 
motion. These  types,  compared  with  the  anatomical  descriptions  of 
the  various  species  will  furnish  the  necessary  elements  for  the  compar- 
ison which  we  wish  to  make. 

It  will  be  a  work  of  time  to  gather  and  compare  all  these  anatomical    . 
and  physiological  data.    The  principal  difficulty  in  the  way  of  studying 

-Translated  from  La  Kature,  Septemlwr  2,  1893;  vol.  xxi,  pp.  215-218. 
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different  types  of  locomotiou  is  encouutered  not  so  mucb  in  obt^ning 
great  Dunibers  of  species  of  animals  alive,  but  iu  finding  suitable 
methods  for  pliotograpbing  eiieli  of  them  iu  its  nonnal  gait. 

The  greater  part  of  domestic  animals  lend  tbemselve^  very  well  to 
these  studies;  they  are  readily  led  to  a  track  prepared  and  will  travel 
over  it  regularly.  With  wild  birds  the  difficulty  is  greater;  we  have 
however  succeeded  in  obtaining  a  number  of  types. 

Fishes,  reptiles,  mollusks,  and  insects  are  more  difficult  to  manage; 
it  is  necessary  to  devise  for  each  species  some  method  which  will  com- 
pel it  to  travel  regularly  before  the  camera.  Moreover,  wemust,  accord- 
ing to  circomstauces,  so  vary  the  conditions  of  illumination  that  the 
animal  will  sometimes  show  dark  on  a  bght  ground,  and  sometimes 
appear  light  upon  a  dark  background.  I  have  succeeded,  nevertheless, 
in  obtaining  good  picturesof  a  considerable  number  of  different  species, 
as  may  be  judged  from  the  iUastrationrt(PI.  xxm-xxv).  This  series 
of  figures  shows  certaiu  analogies  in  the  mode  of  progress  of  species 
which  approach  each  other  in  their  anatomical  characters.  Thus 
the  adder  and  the  eel  both  progress  by  means  of  horizontal  undulations 
which  move  over  the  entire  length  of  the  body  from  the  head  to  the 
tail  (PI.  XXIII).  The  analogy  would  be  still  greater  if  the  eel  ami 
the  serpent  both  swam  in  the  water,  or  crawled  upon  the  earth,  for 
it  is  the  resistam-e  of  the  medium,  or  in  other  words  the  nature  of 
the  point  of  support,  which  governs  the  motions  of  crawling.  In  water 
the  undulations  of  the  body  are  more  regular  and  more  efficacious  than 
on  the  ground,  while  at  the  same  time  they  are  less  extended,  and  the 
retrograde  speed  of  what  we  may  call  the  wave  of  motion  is  but  little 
less  than  the  animal's  rate  of  progress.  That  is,  by  the  time  an  undu- 
lation has  run  from  head  to  tail  the  animal  has  advanced  by  nearly  the 
length  of  its  body.  On  level  ground,  and  still  more  on  a  slippery  sur- 
face, the  undulations  of  the  serpent  and  eel  are  very  much  extended 
and  progress  is  slow. 

Among  coleopterous  and  ortbopterons  insects  pn^ress  ia  much  as  it 
has  been  described  by  naturalists.  Carlet  and  M.  de  Moore  have  shown 
that  insects  rest  on  three  legs  while  the  other  three  move.  The  sup- 
porting legs  constitute  a  triangular  base,  formed  by  the  first  and  third 
leg  of  one  side,  and  the  middle  leg  of  the  opposite  side.    (PI.  xxju, 

XXIV.) 

Among  arachnids  there  are  on  either  side  two  supporting  I^^  and 
two  legs  niised  at  the  same  time.  But  in  the  spider  and  scorpion  which 
we  have  taken  as  types,  the  walk  is  so  rapid  that  it  is  not  easy  to  fi)llow 
the  successive  motions  in  their  pn>per  onler  although  they  were  photo- 
graphe<l  at  the  rate  of  €0  a  second.  In  snch  cases  it  is  necessaiy  to 
increase  the  number  of  figures,  and  above  all,  to  resort  to  such  methods 
of  illumination  as  we  have  adopted  in  studying  the  spider.  This  con- 
sists in  so  illuminating  the  animal  above  and  below,  that  while  it  is 
"learlv  shown  in  outline,  it.-4  shadow  is  pmiected  upon  the  track  over 

t.oogic 
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wliicli  it  runs.  TliU  Khtulow  giyns  much  iufurmatioii  io  regard  to  the 
position  of  tlio  legs  for  wbeii  the  feet  are  resting  on  the  grouud  the  leg 
and  its  shadow  touch  at.  their  extremities.    (PI,  xxiv.) 

One  of  the  most  int«restiug  points  in  these  physiological  comparisons 
is  to  SCO  how  the  anatomical  resemblances  of  different  animals  corre- 
spond with  their  functional  resemblances. 

Among  flshes,  for  example,  wo  meet  in  varying  degree,  with  the  reptil- 
ian undulation  vhich  forms  the  eel's  sole  mode  of  progress,  but  find 
that  it  baslost  mnchof  its  importance.  Still  very  apparent  in  the  dog- 
fish (PI.  XXV)  it  is  found  only  in  the  caudal  region  of  those  fishes  whose 
thick  set  bodies  have  lost  the  greater  part  of  their  flexibility,  but  in 
these  cases  the  widened  tail  acts  more  efSciently  for  it  meets  with 
great  resistance  in  the  water. 

Bafrachians  in  dift'ereut  phases  of  their  development  have  modes  of 
locomotion  corresponding  to  the  state  of  their  organs.  T)ie  tadpole  of 
a  toad,  in  which  the  feet  are  still  imperfectly  developed  (PI.  xxv,  fig.  '2, 
upper  line)  swims  with  its  tail  after  the  fashion  of  a  fish.  Later  on 
(lower  line)  the  legs  begin  to  be  used  for  locomotion,  but  the  tail  still 
keeps  up  its  energetic  action  and  vibrates  continually,  while  the  legs 
move  in  alternate  jerks.  Still  lat«r  (middle  line)  the  tail  has  disappeared 
and  the  hind  legs  are  alone  used  in  progression.  This  role  of  the  hind 
limits  which  presents  so  striking  an  analogy  to  the  sirimming  of  man 
is  effected  in  the  following  manner.* 

The  animal  flexes  its  legs,  bringing  them  well  under  tlie  body,  then 
spreads  them  wide  apart  in  such  manner  that  the  two  legs,  directed 
laterally,  form  a  right  angle  with  the  axis  of  the  body.  Propulsion  is 
effe<;ted  by  bringing  the  outstretched  feet  quickly  together,  after  which 
they  are  gradually  flexed  and  brought  towards  the  body,  and  the  series 
of  movements  recommences. 

The  lizards,  which  anatomically  approach  the  serpents,  also  pre- 
serve ill  their  progression  something  of  the  undulafory  movement 
which  we  have  represented  above,  but  this  undulation  is  complicated 
by  the  action  of  the  limbs,  wliich  play  the  leading  part  in  the  crawling 
of  these  reptiles  (PI.  xxv).  In  the  gecko  (PL  xxv)  the  undulation  of  the 
bo<ly  is  plainly  to  be  seen ;  it  is  scarcely  apparent  in  the  gray  lizard. 
In  both  species  it  is  impossible  for  the  eye  to  follow  the  incessive move- 
ments of  tlic  feet,  and  tn  compare  them  with  those  of  other  quadru- 
peds, but  from  their  chro no- photographic  images  it  is  easy  to  see  that, 
taking  the  order  of  the  movements  of  the  limbs  as  a  standard,  the 
lizards  are  trotting  aiiimals.  The  limbs,  i[i  short,  move  diagonally — 
that  is,  the  right  fore  leg  and  left  hind  leg,  move  simultaneously. 

The  undlilations  of  the  body  are  so  combined  with  the  movements 
of  the  legs  that  the  feet  are  brought  close  together  on  the  concave  side 

'  .Several  of  tlie  views  Hhoirn  in  the  illDstrations  liave  beeo  ceveTsed. 
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of  the  wave,  aud  widely  separated  ou  its  couvex  »ide.  This  implies 
an  absolute  agreemeDt  between  the  number  of  undulatious  of  the  body 
and  the  steps  of  the  animal. 

It  is  easy  to  see  from  the  examples  just  cited  that  chrono-photo^a- 
phy  gives  ns  vas£ly  more  iuformation  oa  the  subject  of  animal  locomo- 
tion than  we  can  gain  by  the  closest  observation,  aud  that,  thanks  to 
this  method,  we  can,  as  previously  said,  compare  the  anatomical  strnc- 
ture  and  the  fuuctional  characters  among  the  different  species  of  ani- 
uials. 
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THE  MARIXE  BIOLOGICAL  STaTIOXS  OF  EOKOPE.- 


By  Bashpobd  DsAJf, 

fWmOU  rolUft,  yew  Yort. 


I  European  uatioaa  thv  mariae  laboraunr  has  long  been  rec 
o^ized  as  an  important  aid  to  tbe  advaac«nient  of  biological  studied. 
Oronpa  of  oniversitieit.  ceniralizing  their  marine  work  in  coiiveuieut 
localities,  have  caused  the  entire  c<>ast  line  of  £iirot>e  to  become  dotted 
with  stations,  well  efjoipped  aud  well  maintaioed.  Societies,  individu- 
als, aod  not  infrequently  goTerooients  contribute  to  their  support 

Marine  stations  have  become  distribating  centers,  important  equally 
ID  every  grade  of  biological  work  or  trainiog,  A  student,  for  example, 
should  be  visit  a  small  universityinthe  Interior  of  France,  would  receive 
bis  first  lessons,  aid«:d  by  material  sent  regularly  ftom  Boscoff  or  Ban- 
yuU;  be  would  examine  liriug  sptmges,  peimatulids,  beroes,  liydroida, 
Loxosoma.  Comatnla.  Amphioxns.  Or,  at  Munich,  remote  from  the 
coast,  as  in  tbe  laboratory'  of  Prof.  Bicbard  Hertwig,  be  is  enabled  by 
means  of  material  from  Naples  to  demonstrate  the  larval  characters  of 
ascidJans  or  the  fertilization  proceiMfsof  the  sea-urchin.  During  his 
winter  stodies  the  marine  station  would  thuH  provide  him  with  the  best 
material — sometime»  pre^^er^ed  and  well  fixe^l,  sometimes  living,  to  lie 
prepared  according  U>  bis  want:*.  In  summer  it  affoids  him  tbe  Ik^sI 
opportnnities  to  see  aud  collect  his  study  tj-pes  without  physiciU  dis- 
comforts and  with  tbe  grcate»t  economy  of  time.  To  the  investigator 
the  station  has  bei-ome,  in  tbi>  br«»adeHt  sense,  a  university.  He  may 
there  meet  the  representative  wtudenis  of  far  and  wide,  fellow-workers 
perhaps  in  tbe  very  lineof  hisowu  research, and  must  himw^lfiuiknow 
ingly  teach  and  learn.  He  finds  out  gradually  of  rei*nt  work,  of 
technical  methods  which  often  happen  most  iwrtinent  to  bis  iimhIh. 
He  carries  OD  his  work  (jnierly  and  thoroughly;  hia  works  of  retemu-e 
are  at  hand;  he  has  tbe  most  necessary  comforts  in  working,  and  Is 
untroDbled  by  the  rigid  bonrs  of  demonstrations  or  l^tures.  The  sta- 
tion becoming  a  literal  emp.<riiim.  i-osmoH'tan.  bringing  togetln-r  sido 
by  side  the  best  work.rrs  of  many  universities,  tends  moreover  to  mi.k» 

■II,  1S1K),  of  tlin  \ViH«l"  Iloll 
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ob»ervatioiiN  upou  tbe  bust  luatvriol  s)iuri>«r  by  trritic^iaiu,  most  fruitful 
in  restilt^.  It  bas  often  been  remarked  liow  large  a  proportiou  of 
recently  publisbeii  researcLes  was  depeudeut,  directly  or  indirectly, 
upon  marine  laboratories. 

A  brief  account  of  the  more  important  of  tbese  stations  slionld  not 
prove  lacking  in  suggestions;  especially  as  in  America  the  work  of  the 
maiine  laboratory  is  oft«n  imperfectly  understood.  Its  aims  bave  been 
associated  popularly  with  those  of  practical  flsh  culture;  and  even 
among  the  trustees  of  universities  a  disposition  lias  often  been  to  regard 
an  annua)  subscription  for  a  ^rork  place  in  a  summer  school  us  among 
the  little-iieeded  exiienditures  of  a  biological  department.  So  little 
important  has  a  marine  station  seemed  that  the  greatest  difQcuItien 
have  ever  been  encountered  to  insure  the  support  of  an  American  table 
at  !Nap)ea,  although  it  was  well  known  how  large  a  number  of  our  inves- 
tigators were  each  year  indebted  to  foreign  courtesy  for  the  privileges 
of  this  (ttatiou. 


General  ifiterest  in  the  advancement  of  pure  science  has  in  Europe 
become  a  prominent  feature  of  the  past  decade,  and  there  can  be  no 
doubt  of  the  importance  that  has  come  to  be  attached  to  studies  bearing 
upon  tbe  problems  of  life,  evolution,  heredity.  Nor,  at  the  aame  time, 
does  it  appear  that  matters  relating  to  practical  fisheries  havein  any 
way  lost  their  interest  or  sup^iort.  To  these,  on  the  contrary,  the  rise 
of  pure  biology  has  often  given  important  aids.  What  iias  appeared 
abstract  theory,  to-day  has  often  been  converted  into  practice  to-morrow. 
And  even  so  ardent  a  partisan  of  pure  biology  as  Prof,  de  Lacaze- 
Dutbiers  does  not  hesitate  to  urge  this,  as  sufficiently  important  in  geu- 
ral  argument,  to  vindicate  the  governmental  support  of  tbe  labora- 
iries  of  Itoscofi'  and  Banyuls.  "  Factfl  have  been  found  at  every  step 
'  science  which  were  valueless  at  their  discovery,  but  which,  little  by 
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little,  fell  iuto  )iue  and  led  tu  ai»plicatioii.s  of  the  liiglieat  importance — 
how  the  obBcrvatioii  of  the  tarnishing  of  Bilver  or  the  twitching  leg  of 
the  frog  was  the  origiu  of  photography  or  telegraphy — how  the  purely 
abstract  problem  of  siioutaaeous  generation  gave  rise  to  the  antiseptics 
of  surgery. 

As  a  preface  to  the  present  discussion  the  general  number  and  loca- 
tion of  the  European  marine  stations  might  conveniently  be  indicated 
in  the  accompanying  oatlin^  map. 

I.— PEANCE. 

The  extended  sea-coast  has  ever  been  of  the  greatest  aid  to  the  French 
student.  Along  the  entire  northern  coast  the  channel  is  not  anlike  onr 
Bay  of  Fuudy  in  the  way  it  sweeps  the  waters  out  at  the  lauar  tides. 
The  rocks  on  the  coast  of  Brittany,  massive  bowlders,  swept  and  rounded' 
by  swirt  running  waters,  will  at  these  times  become  exposed  to  a  depth 
as  great  as  40  feet.  This  is  the  harvest  time  of  the  collector.  He  is 
cuabled  to  secure  the  animals  of  the  deep  with  his  own  hand,  to  take 
them  carefnlly  from  the  rocky  crevices  where  they  wonld  ever  have 
avoided  the  collecting  dredge.  From  earliest  times  this  regiou  has  not 
unreasonably  been  the  field  of  the  naturalist.  It  was  here  that  Cuvier, 
during  the  Reign  of  Terror,  made  his  studies  on  marine  invertebrates 
which  were  to  precede  his  Regne  Animal.  The  extreme  westernmost 
promontories  of  Brittany  have,  for  the  last  half  century,  been  the  sum- 
mer homes  of  de  Quatrefages,  Ooste,  Audouin,  Milne- Ed  wards,  and  de 
Lacaze-Duthicrs.  Coste  created  a  laboratory  at  Ooncarneau,  but  this 
has  come  to  be  devoted  to  practical  fish  culture,  and  is,  at  the  present 
day,  of  little  scientific  interest.  It  is  owing  to  the  exertions  of  Prof, 
de  Lacaze-Duthiers,  of  the  Sorbonue,  that  the  two  governmental  stations 
of  biology  have  since  been  founded.  The  first  was  established  at  Ros- 
cofT,  in  one  of  the  most  attractive  and  favorable  collecting  regions  in 
Brittany,  and  has  continued  to  grow  in  importance  for  the  last  twenty 
years.  As  this  station,  however,  could  be  serviceable  during  summer 
only,  it  gave  rise  to  a  smaller  dependency  of  the  Sorbonne  in  the  south- 
ernmost  part  of  France,  on  the  Mediterranean,  at  Banyuls,  which  hiid 
the  additional  advantage  of  a  Mediterranean  fauna. 

To  these  French  stations  should  be  added  that  of  Prof.  Giard,  at 
Winierenx,  near  Boulogne,  in  the  rich  collecting  funnel  of  the  Straits 
of  Dover;  that  of  Prof.  Sabatier,  at  Cette,  not  far  from  Banyuls,  a 
dependency  of  the  [Jidversity  of  Montpelier ;  that  of  Marseilles,  and  the 
Kussian  station  at  Ville-Franche,  near  the  Italian  f^ntier.  An  interest- 
ing station,  in  addition,  is  that  at  Arcachon,  near  Bordeaux,  founded 
by  a  local  scientific  society.  Smaller  stations  are  not  wanting,  as  at  the 
Sables  d'Ulonne. 

At  Roscoff  the  laboratory  building  looks  directly  out  upon  the  chan- 
nel, (PI.  XXVI.)  In  its  main  room,  on  the  ground  floor,  work  places  are 
partitioned  off  for  a  dozen  investigators;  this  on  the  one  hand  leads  to 
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a  large  glass-walled  aquariiiDi  I'ooni,  seeu  in  tbe  a<'«ompauyiug  figure, 
wbite  oil  the  other  opeus  directly  to  adjoiniug  buildings,  whicli  iuelude 
lodgiog  quarters,  a  well-furnished  library,  and  a  laboratory  for  ele- 
meutary  studentB.  Surrounding  the  building  is  an  attractive  gardeo, 
which  givea  one  anything  but  a  just  idea  of  the  barrenness  of  the  soil 
of  Brittany.  From  tbe  sea  wail  of  the  laboratory  one  looks  out  over 
the  rocks  that  are  liecoming  exposed  by  tbe  receding  tide.  A  strong 
inclosure  of  masonry  serves  as  a  vivier  to  he  nsed  for  experiments  ae 
well  as  to  retain  water  for  supplying  tbe  laboratory.  The  students 
are,  in  the  main,  those  of  the  Sorbotiue,  and  under  the  direction  of  Dr. 
Proubo,  their  maitre  de  eonferenees.  They  are  ^iven  every  oppor- 
tunity to  take  part  in  the  collecting  excursious,  frequently  made  ia 
the  laboratory's  small  sailing  vessels,  among  the  rocky  islands  of  the 
neighboring  coast.  Strangers,  too,  are  not  infrequent,  and  are  gen- 
erously granted  every  privilege  of  the  French  student.  Liberality  is 
one  of  tbe  characteristic  features  of  Roscofi'.  Tbe  stranger  who  writes 
to  Prof,  de  Lacaze-Dntbiers  is  accorded  a  work  place  which  entitles 
him  gratuitously  to  every  privilege  of  the  laboratory — his  microscope, 
his  reagents,  even  his  lodging-room  should  a  place  bo  vacant.  It 
Beems,in  fact,  to  be  a  point  of  pride  with  Prof.  Lacaze  that  the  stranger 
shall  be  welcomed  to  Boscoff,  and  upon  entering  the  laboratory  for  the 
first  time,  feel  entirely  at  home.  He  finds  his  table  in  order,  his 
microscope  awaiting  him,  and  the  material  for  which  he  had  written 
displayed  in  stately  array  in  the  glass  jars  and  dishes  of  his  work 
place.  So,  too,  he  may  have  been  assigned  one  of  the  large  aquaria  in 
the  glass  aquarium  room — massive  stone-base  stands,  aerat<^  by  a 
constant  jet  of  sea  water.  He  finds  a  surprising  wealth  of  material  at 
BoseoQ',  and  Ids  wants  are  promptly  supplied. 

At  BanyulB(PI.xxvii),the  second  station  of  the  Sorbonue,the  build- 
ings are  less  imposing  than  those  of  Boscoff'.  It  is  a  plain,  tbree-story 
building  facing  the  north,  at  the  edge  of  the  promontory  which  shelters 
tbe  harbor  at  Bauyuls.  The  rtWcr  is  in  front  of  tbe  station,  behind  is 
a  reservoir  cut  in  the  solid  rock,  receiving  tbe  waters  of  tbe  Mediterra- 
nean and  distributing  it  throughout  the  building.  On  the  first  door  is 
a  large  aquarium  room  lighteil  by  electricity,  well  supplied  with  tanks 
and  decorated  not  a  little  with  statuary  donated  by  the  administratioQ 
of  the  beaux-arts.  The  bust  of  Arago  occupies  an  important  place,  as 
the  laboratory  has  been  named  in  his  honor.  A  suit  of  a  diver  sug- 
gests tbe  different  tactics  in  collecting  made  necessary  by  the  slightly- 
falling  tides  of  the  Mediterranean.  The  wealth  of  living  forms  in  the 
aquaria  shows  at  once  by  variety  of  bright  colors  the  richness  of  south- 
ern fauna.  Sea  lilies  are  in  profusion,  and  are  gathered  at  the  very 
steps  of  tlie  laboratory.  The  work  rooms  of  the  students  are  on  the 
second  floor,  equipped  in  a  mauner  similar  to  those  of  BoscofT.  Tbe 
directer  of  this  station  is  Dr.  Fr^d^ric  Ouitel.     It  is  usual  during  the 
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bolidayu  at  fall  or  winter  for  the  entire  classes  of  the  Sorbonne  to  spend 
several  days  in  cnllecting  trips  in  the  neighborhood.  The  region  with 
its  little  port  is  famous  for  its  fisheries,  and  one  in  especial  is  that  of 
the  augler,  Lopkiug,  a  fish  that  would  not  be  regarded  aa  especially 
dainty  on  oar  side  of  the  Atlantic. 

The  station  on  the  Straits  of  Dover,  at  Winiereux,  has  earned  ft 
European  reputation  in  the  work  of  Prof,  Gtard.  It  is  but  a  small 
frame  building,  scarcely  large  enough  to  include  the  advanced  students 
selected  from  the  Sorbonne.  The  laboratory  is,  in  a  way,  a  rival  of 
Boscoff,  and  it  is  noteworthy  that  its  workers  seem  to  make  a  point  of 
studying  the  laboratory  details  of  the  German  universities. 

The  marine  laboratory  of  Arcachon,  one  of  the  oldest  of  France,  was 
built  in  1867  by  the  local  scientific  S'>ciety,  and  was  carried  on  inde- 
pendently until  the  time  of  the  losses  of  the  Pranco-Prussiau  war.  Its 
management  was  then  fused  with  that  of  the  faculty  of  medicine  of 
Bordeaux,  with  whose  assistance,  aided  by  that  of  a  small  subsidy  from 
the  Government,  the  wurkof  the  institution  wascarried  on.  Arcachon, 
near  Bordeanx^is  in  itself  a  most  interesting  locality.  It  has  become  a 
sninmeriDg  place,  noted  for  its  pine  lands  and  the  broad,  sandy  plage, 
picturesque  in  summer  with  swarms  of  quaintly  dressed  children,  the 
local  headdress  of  the  peasant  mingling  with  the  latest  toilet  from 
Paris.  Here  and  there  is  to  be  seen  that  accompaniment  of  every 
French  watering  place,  the  goat  boy  in  his  smock  and  beri-et,  fluting  to 
his  dozen  charges,  who  walk  in  a  stately  way  before  him.  The  Bay  of 
Arcachon  is  a  small,  tranquil,  inland  sea,  long  known  for  its  rich  fauna. 
In  large  part  it  is  laid  out  in  oyster  parks,  which  constitute  to  no  small 
degree  the  source  of  wealth  of  the  entire  region.  Shallow  and  warm 
waters  seem  to  give  the  marine  life  the  best  eouditions  for  growth  and 
development.  The  laboratory  is  placed  just  at  the  margin  of  the  water. 
It  includes  a  dozen  or  more  work -places  for  investigators,  well  supplied 
with  aquaria,  a  library  on  the  second  floor,  a  small  museum  containing 
collections  of  local  fauna,  including  numerous  relics  of  Cetaceans  that 
have  found  their  way  into  this  inland  sea.  A  small  aquarium  room, 
opened  to  the  public,  is  well  provided  with  local  forms  of  fishes,  and 
like  that  of  Naples,  is  eagerly  visited.  Those  who  are  entitled  freely 
to  the  use  of  the  workplaces  are  instructors  in  French  colleges,  mem- 
bers of  the  society,  and  all  the  advanced  students  from  the  colleges 
of  the  State.  For  other  students  workplace  is  given  upon  the  i>ay- 
ment  of  a  fee  whose  amount  is  regulated  each  year  by  the  trustees. 
As  at  Boscoff,  material  is  plentifully  supplied. 

The  zoological  station  at  Cette  is  a  direct  annex  of  the  University 
of  Monti>eIier,  and  it  will  be  gladly  learned  that  its  temporary  building 
is  being  replaced  by  one  of  stone,  which  will  enable  Prof.  Sabatier  to 
add  in  no  little  way  to  the  working  fa^-ilities  of  his  students.  The 
region,  in  every  essential  rt'ganl,  is  similar  to  that  of  Banyuls. 

The  station  at  Marseilles  is  devoted  in  a  great  part  to  questions  relat- 
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ing  to  tlie  Mediterraueau  fisheries,  and  owes,  in  a  measure,  its  flDancial 
support  to  this  practical  work. 

Villa  FraDCa  (Ville-Franclie),  between  Nice  and  Mentone,  is  one  of 
the  most  interesting  points  of  the  Biviera.  Its  laboratory  is  sitaated 
directly  on  the  mole,  a  large  oue-ntoried  building  of  masonry,  with  a 
small  garden,  and  with  several  shops  and  out-houaes.  It  is  supported 
esaentially  by  Bussians,  and  its  description  has  recently  been  published 
by  Prof.  Alexis  Korotneff  (Russian  text,  Oracow),  one  of  whose  figures 
is  here  reproduced.  The  station  has  had  as  a  constant  visitor  Prof. 
Oarl  Vogt,  of  Geneva,  and  is  well  known  through  the  work  of  Dr. 
Bollea  Lee. 

II. — ENGLAND. 

The  laboratory  at  Plymouth  is  quite  a  recent  one,  its  foundation  due 
in  the  first  instance  to  the  effortsof  Prof.  Bay  Lankester.  Its  building, 
first  opened  in  1838,  is,  in  many  regards,  hardly  second  to  Naples.  This 
locality  was  found  well  suited  for  the  needs  of  an  extensive  marine 
station.  Opposite  Brittany  it  takes  advantage  of  the  same  extremes 
of  tide,  and  the  rocky  Devonshire  coast  affords  one  of  the  richest  col- 
lecting grounds.  The  situation  of  the  building  is  a  remarkable  one; 
it  stands  at  one  end  of  the  ancient  Hoeof  Plymouth — a  broad,  level  park 
whose  high  situatioa  looks  far  off  over  the  channel.  At  the  rear  of  the 
building  are  the  old  fortifications  of  the  town.  As  shown  in  the  illus- 
tration ( PI.  XXIX,  fig.  2),  the  building  is,  at  the  ends,  three-storied.  On 
the  grounil  tioor  is  the  general  iujuarium  room,  well  supplied  with  local 
marine  fauna,  and  open  to  the  public.  The  laboratory  proper  is  upon 
the  second  fioor,  divided  into  eleven  compartments,  tlie  work  places  of 
the  students.  A  series  of  small  tanks  passes  down  the  middle  of  the 
room.  In  the  western  end  are  the  library,  the  museum,  the  chemical, 
photographic,  and  physiological  rooms;  in  the  eastern  are  the  living 
quarters  of  the  director.  Tlie  water  supply  of  the  laboratory  is  con- 
tained in  two  small  reservoirs  directly  between  the  building  and  the 
fortifications,  and  is  carried  thrnughont  tlie  building  by  gas  engines. 
Tidal  aquaria  are  in  constant  use  for  developmental  studies.  The  col- 
lecting for  the  laboratory  is  aided  by  a  38-foot  steam  launch. 

The  present  support  of  tlie  station  is  not,  unfortunately,  as  generous 
a  one  as  might  be  desired.  The  station  is  obliged  to  consider  in  the 
work  of  its  director  matters  relating  to  public  fisheries,  and  is  only 
enabled  by  this  means  to  secure  governmental  assistance.  The  build- 
itself  was  constructed  by  the  efforts  of  the  Marine  Biological  Associa- 
tion of  the  United  Kingdom,  under  whose  auspices  the  present  work  is 
being  carried  on.  The  investigators'  tables  areoccupied  by  any  founder 
of  the  association,  or  liis  representative,  by  the  naturali.st,  or  institutions 
who  have  renteil  them.  The  subscription  price  per  year  of  an  investi- 
gator's place  is  £40,  but  tables  may  be  leased  for  as  sliort  a  time  as  a 
aoDtb.    The  laboratory  provides  material  for  investigation  and  the 
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ordinary  apttaratus  of  the  marioe  laboratory,  excluding  mici'oscopea 
and  accessories.  Tiie  use  of  the  larger  tanks  of  the  main  aqaarium 
ie  also  permitted  to  the  working  students  The  work  of  the  laboratory 
includes  investigation  of  fishery  inattera,  the  preservation  of  animals 
to  supply  the  classes  of  zoology  in  the  nniversities  and  the  formation 
of  type  collections  of  the  British  marine  fauna.  The  nataraJist  of  this 
station  has  been  for  a  number  of  years  Mr.  J.  T.  Cnnningbam.  whose 
experiments  upon  the  hatching  of  the  sole  have  here  been  carried  <m. 
Other  British  marine  stations  are  those  of  PnfBn  Island,  Liveri>ool, 
and  St.  Andrews,  northeast,  and  Dnnbar,  southeast,  of  Edinburgh,  The 
work  of  these  stations,  it  is  under8t<)o<l,  is  only  in  ]»art  purely  biological. 
The  practical  matters  of  fisheries  must  be  considered  to  insure  financial 
support.  In  addition  to  these  is  to  be  mentioned  a  station,  recently 
equipped,  on  the  Isle  of  Man.  9till  another  has  recently  (the  latter 
months  of  lSd3)  been  established  at  Jersey,  in  the  Channel  Islands. 


Zdolo^cnl  dUtloii  at  St.  Holler.  Isle  ur  Jfrwy. 

The  foundation  of  this  station  has  been  entirely  due  to  private  enter- 
prise, and  its  management  seems  both  independent  and  practical.  The 
proprietors,  Messrs.  Siuel  and  Hornell,  add  to  the  station's  revenue  by 
providing  alcoholic  materia!  for  class  work,  anatomical  preparations, 
serial  sections.  They  also  edit  and  publish  an  interesting  little  cjuar- 
terly,  Journal  of  Marine  Zoology  and  Microscopy. 

The  station  will  doubtless  prove  a  welcome  need  to  the  traveling 
biologist  who  flnds,  at  a  half  day's  journey  IVom  England,  a  richer 
fauna  than  even  Plymouth  can  offer.  It  is  readily  open  to  investi- 
gators upon  payment  of  a  small  weekly  fee.  Of  the  building  and  its 
equipment,  a  brief  description  might  here  be  given.  It  is  situated 
east  of  St.  Helier,  at  a  ten-minut«'s  walk  from  the  town,  facing  the  main 
road,  La  Collette,  overlooking  a  picturesque  and  rugged  shore.  It  is 
hut  18  feet  above  tidal  mark,  and  at  low  water,  csi>e<'ially  at  lunar 
tides,  is  immediately  adjat^eat  to  a  rich  collecting  ground.  Twelve 
square  miles  of  "zostera  prairie"  are  there  exposed,  and  may  be  visited 
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afoot.  And  tbe  Minquier  reefs,  of  especial  biological  interest,  are  bat 
9  mites  to  the  southward. 

Tlie  station  ia  a  stone  buildinff  of  three  stories.  The  aquarium,  on 
the  ground  floor,  is  mainly  for  purposes  of  exhibition,  its  adjoining 
room  serves  to  receive  and  assort  the  collected  material.  The  second 
story  contains  the  museum  and  library,  serving  at  the  same  time  as  a 
demonstration  hall,  and  upon  tbe  third  floor  are  the  partitioned  com- 
partments for  tbe  use  of  students  and  investigators. 

At  St.  Andrews,  Prof.  Macintosh  has  studied  the  questions  relating 
to  the  hatching  and  development  of  the  Nortb  Sea  flsliea.  Its  situa- 
tion upon  tbe  promontory  leading  into  tbe  Firth  of  Forth  seems  to  have 
been  especially  favorable  for  the  study  of  the  Xorth  Sea  fauna,  notably 
of  larval  and  embryonic  stages  of  fliihes,  and  tbe  locality,  moreover, 
t^m  its  northern  position  represents  a  nuuiber  of  boreal  forms.  Tbe 
importance  of  St.  Andrews  is  at  length  better  recognized,  and  a  sub- 
stantial grant  from  the  Government  will  enable  a  large  and  permanent 
marine  station  to  be  here  constructed.  The  facilities  for  work  have, 
up  to  the  present  time,  been  somewhat  primitive — a  simple  wooden 
building,,  single-storied,  has  been  partitioned  off  into  small  rooms,  a 
general  laboratwy,  with  work  places  for  half  a  dozen -investigators,  a 
director's  room,  aquarium,  and  a  small  out-lying  engine  house  with 
storage  tanks.  To  the  laboratory  belongs  a  small  sailboat  to  assist  ia 
the  work  of  collecting. 

III.— HOLLAND. 

Holland,  in  the  summer  of  1890,  opened  its  zoological  station  in  the 
Helder.a  locality  which,  for  this  purpose,  had  long  been  looked  upon  with 
the  greatest  favor.  (PI.  xxs,  fig.  2.)  There  is  hei'e  aa  old  town  at 
the  mouth  of  tbe  Zuyder  Zee,  the  naval  stronghold  of  Holland,  a  station 
favorable  for  biological  work  on  account  of  tbe  rapid-rnnniag  current 
renewing  the  waters  of  the  Zee.  The  station  was  founded  by  the  support 
of  the  Zoological  Society  of  the  Netherlands,  whose  valuable  work  by  tbe 
contributions  of  Hubrecht,  Hoek,  and  Horst,  has  long  been  known  in 
■  connection  with  the  development  of  the  oyster  industry  of  Holland. 
The  work  of  the  society  had  formerly  been  carried  on  by  means  of  a 
portable  zoological  station  which  the  investigators  caused  to  be  trans- 
planted to  diflerent  points  along  the  East  Schelde,  favorable  on  account 
of  their  nearness  to  the  supplies  of  spawning  oysters.  The  present  sta- 
tion at  the  Helder  is  situated  directly  adjoining  the  great  dike,  a  small 
stone  building,  two  story,  surrounded  by  a  small  park,  as  seen  in  the 
ad,iacent  figure.  In  itself  the  laboratory  is  a  model  one.  The  rooms 
are  carefully  finished,  and  every  arrangement  has  been  made  to  secure 
working  conveniences.  A  large  vestibule  leads  directly  iuto  two  labo- 
ratory rooms  and,  by  a  hallway,  communicates  with  the  large,  well- 
lighted  library  and  the  rooms  of  the  director.    The  aquarium  room  has, 
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forcODveaience,  been  placed  iuasmalladju^fntbiiildiug.  Tbedirector 
of  this  station  in  Prof.  Hoek,  and  tbe  president  of  tbe  Bociety  is  Pro£ 
Hnbrecht. 

IV.— MAPLES. 

Tbe  Staziutie  Z(H)logiva  at  Naples  dnriug  tbe  past  twenty  years  baa 
earned  its  reputation  an  tbe  venter  of  marine  biological  work,  publishing 
in  its  Mittheitungen  tbe  results  of  its  researches,  and  in  its  Jahrsbvrichte 
a  Buniinary  of  the  year's  contributions  to  biological  sciences.  It  bas 
afforded  a  locality  most  favorable  for  matine  research,  and  bas  offered 
every  convenience  for  continued  studies ;  it  bas  been  tbe  supply  center 
for  living  and  preserved  material  for  tbe  majority  of  tbe  European 
universities;  it  bas  published  the  results  of  its  investigations  in  its 
monographs  and  bulletin  in  a  way  that  has  left  little  to  be  desired; 
the  range  of  its  researches  bas  been  of  the  widest  and  most  varied 
interest,  botanical,  zoological,  developmental,  pbysiologicnl,  morpho- 
logical. Indeed  it  may  strictly  be  (>Hid  tbnt  within  an  equal  period  of 
time  it  bas  contributed  more  to  the  advancement  of  pure  biology  than 
has  any  other  institution  in  the  worhl. 

Tbe  success  of  the  Naples  station  bas  doubtless  been  aided  by  the 
ricbne!!B  of  the  fauna  of  the  gulf,  but  is  mainly  and  unquestionably 
due  to  its  energetic  and  careful  administration.  The  director  of  the 
station,  Prof.  Dohrn,  deserves  no  little  gratitude  from  every  worker  in 
science  for  his  untiring  efforts  in  securing  its  foundation  and  system- 
atic management.  Partly  by  his  private  generosity  and  partly  by  the 
financial  snp|)ort  he  obtained,  tbe  original  or  eastern  building  was 
constructed.  ItK  annual  maintenance  was  next  assured  by  the  aid  he 
obtained  ttanmgbout  (mainly)  (iermany  and  Austria.  By  tbe  leasing 
of  work  tables  to  bo  used  by  the  repri'sentatives  of  universities  a 
snftieicnt  income  was  mainlaiiied  to  cany  on  the  work  of  tbe  station 
most  efficiently.  A  gift  by  the  German  Government  of  a  small  steam 
launch  added  not  a  little  to  the  collecting  facilities. 

Attractiveness  is  one  of  the  striking  features  of  tbe  Naples  station. 
It  bas  nothing  of  the  dusty,  unctiuifortable,  gloomy  air  of  the  average 
university  laboratory.  Its  situation  is  one  of  the  brightest;  it  has  the 
gulf  directly  in  front,  about  it  tbe  city  ganlens  rich  in  palm  trees  and 
holm  oakw.  The  building  itself  rises  out  of  beds  of  century  plant  and 
cactus  like  a  white  palace;  the  fashionable  driveway  alone  separates 
it  from  the  water's  edge.  In  full  view  it)  the  island  of  Capri,  to  tJie 
eastward  is  Vesuvius — a  bright  and  restful  picture  to  one  who  leaves 
his  work  for  a  five  minutes' stroll  on  the  long  covered  balcony  which 
looks  out  over  the  sea. 

The  student,  in  fact,  knows  the  Naples  station  before  he  visits  it, 
although  he  can  hardly  anticipate  tbe  busy  and  profitable  stay  that 
there  awaits  him.  He  has  received  the  circular  from  the  secretary  of 
SSI  93 33 
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the  laboratoiy  while  perliajjs  iu  Germany,  when  he  secured  the  privi- 
lege of  a  table.  He  in  told  of  tbe  best  method  of  reaching  Na]>leB,  the 
precautious  he  must  take  to  Kccnre  the  safe  arrival  of  bis  boxes  and 
instruments.  He  is  told  to  send  directious  as  to  tbe  material  he  desires 
for  study ;  he  is  notilied  of  the  supplies  which  will  he  allowed  him,  and 
of  the  matters  of  hotels,  lodg:iu{!;,  and  banking,  necessary  even  to  a 
biologist.  At  the  first  siglit  of  the  building  he  is  impressed  most  fav- 
orably, and  it  is  not  long  before  lie  comes  to  look  upon  his  work-place 
as  his  particular  home,  open  to  liim  day,  night,  and  holiday.  He  likes 
the  general  air  of  quietness — in  no  little  way  significant  of  system  in 
every  branch  of  tbe  station's  organization;  liia  neighbors  are  friendly, 
and  bo  feels  tbnt  even  the  attendants  are  willing,  often  anxions  to  give 
him  help. 

&t  present  the  station  at  Naples  consists  of  two  buildings,  the  first, 
shown  in  the  foreground  in  the  accompanying  illustration  (PI.  xxxi), 
is  the  older,  the  main  building;  behind  it  is  tbe  newly  built  physiological 
laboratory.  In  the  basement  of  the  main  building  is  the  aquarium, 
well  managed,  open  to  the  public,  and  eagerly  visited.  Passing  into 
the  aquarium  room  fn>m  tbe  inaiu  entrance,  one  descends  into  a  long, 
dark,  concreted  room,  lighted  only  through  wall  tanks  brilliant  on 
every  side  with  varied  forms  of  life.  There  are  in  all  about  two  dozen 
large  aquaria  embedded  in  tbe  wulls  of  the  sides  and  of  tbe  main  i>aF- 
tition  of  the  room.  The  water  is  clear  and  blue.  The  background  in 
each  aquaria,  built  of  rock  work,  catches  the  light  from  above  and 
throws  iu  clcAr  relief  tbe  living  inmates.  The  first  tank  will  perhaps 
be  full  of  starfish  and  tsea  urchins,  bright  in  color,  often  clustered  on 
the  glass  each  with  a  dim  halo  of  pale,  thread-like  feet.  In  the  back- 
ground may  he  a  living  clump  of  crinoids,  flowering  out  like  a  garden 
of  bright-colored  lilies. 

In  a  neighboring  tank,  rich  with  dark-colored  seaweeds,  will  be  a  . 
groupof  flying  gurnards,  reddish  and  brilliantly  .spotted,  feeling  can- 
tiously  along  the  bottom  with  the  ttnger  like  rays  of  their  wing-shaped 
fins.  Here,  too,  maybesquids,  delicate  and  fisb-like,Bwimmmgtimidly 
upanddowii;  perhaps  aseries  ofhiigetriton  snails  below  amid  clustered 
eggs  of  cuttlefish.  In  another  tank  would  be  a  bank  of  sea  anemones 
with  all  tbe  large  and  brilliant  forms  common  to  snuthern  waters. 
Here  may  be  corals  in  the  background  and  a  forest  of  se^i  fans  in  orange, 
red,  and  yellow,  with  a  precious  fringe  of  pink  coral,  flowering  out  in 
yellow  star-like  i>olyps.  There  may  again  be  a  host  of  ascidians,  deli- 
cate, transparent,  solitiiry  forms,  the  lanky  Ciona,  the  hritliautly  crim- 
son Cynthia,  and  huge  masses  of  varied,  compound  forms.  Swimming 
iu  the  water  may  be  chains  of  Salpa  and  occasionally  a  number  of 
Amphiosus ;  the  latter,  as  they  from  time  to  time  emerge  from  tbe  sandy 
bottom,  flurry  about  as  if  with  suddeu  fright,  quickly  to  disappear. 
Variety  is  one  of  tbe  striking  characters  of  neighboring  tanks.  In  one, 
brilliant  forma  will  outvie  tbe  colors  of  their  neighbors  j  in  another,  the 
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least  obtniKive  mimicry  will  be  exempli  lied.  The  straitj^er  ha»)  often  to 
examine  carefully  betbie,  in  tLe  seemiiij^ly  empty  tank,  lie  can  deter, 
mine  on  every  side  tlie  living  forms  whose  color  chara^'.ters  screen  them 
effectively.  TIiuh  he  will  see  siind  colored  rays  and  flounders,  the 
Qpturned  eyes  of  the  curious  star-gazer  almost  buried  in  the  sand,  a 
series  of  mottled  crustaceans  wedged  in  a  rocky  background,  an  occa- 
sioual  crab  wandering  cautiously  about,  carrying  a  pnttective  garden 
of  seaweeds  on  his  broad  back ;  odd  sea  horses  [mifing  motionless  mim- 
icking the  rongh  stems  of  the  seaweeds.  In  tbe  larger  tank  sea  turtles 
float  sluggishly  aboat;  and  coiled  amid  broken  earthern  Jars  are  the 
sharp'jaweii  murrys,  suggestive  of  Homau  dinners  and  of  the  caltural 
experiments  of  Pollio,  Aeration  in  thea^^uarlais  secured  effectively 
by  streams  of  air  which  are  forced  in  at  the  water  surface  and  subdi- 
vide into  bright  clouds  of  minute  silvery  bubbles.  The  tiiuks  are 
cared  for  from  tbe  rear  jiassageways;  attendants  are  never  seen  by 
visitors,  and  winstnnt  itttention  has  given  the  ai|uaria  a  well-earned 
reputation.  Well -illustrated  catalogues  in  French,  German,  English, 
and  Italiau  enable  the  stranger  to  be  better  api)reciate  the  aquaiium. 

To  the  remainder  of  the  buihiiiig  strangers  are  not  a<Imittei).  A 
marble  stairway  leads  from  the  door  of  the  aciuarium  to  a  loggia  which 
opens  into  the  territory  of  the  students.  A  long  pathway  of  grating 
extends  across  the  open  center  of  the  building — whose  skyhght  top 
admits  the  bght  to  the  ai[uariuni  below.  On  the  one  hand  is  the  main 
laboratory  room,  on  the  other  the  library  and  separate  rooms  intended 
for  more  fortunate  investigators.  One  ent^-rs  tlie  main  laboratory, 
passes  a  wall  of  student  aqnaria,  and  sees  a  series  of  ulcoves  formed  by 
low  partitions,  each  work-place  with  its  occupant,  his  apparatus,  his 
books,  bis  jars — altogether  often  a  picture  not  of  the  utmost  tidiness. 
A  small  iron  staircase  leads  to  »  gallery,  which  gives  a  second  tier  of 
work -places  and  doubles  the  working  capacity  of  tbe  room.  ITere,  side 
by  side,  will  be  representative  workers  from  universitieH  of  every  coun- 
try of  Europe. 

The  library  room  adds  not  a  little  to  tbe  attractiveness  of  the  Naples 
station.  (Pl.xxxi,  fig.l.)  It  is  along  room,  and,  ns  shown  iu  the  figure, 
is  adorned  with  frewwes  in  a  truly  Italian  style.  It  looks  out  into  a 
long  loggia  with  view  of  the  sea  and  Capri,  whcretbestudent  iswontto 
retire  iu  after  luncheon  hour  witti  easy  chair  and  book.  The  working 
library  is  of  the  best,  and  is  sure  to  contain  the  results  of  tbe  most  recent 
researches.  The  desk  shown  in  the  flgure  is  one  on  which  each  day  is 
to  be  found  tbe  latest  puldications.  In  the  upper  pigeon  holes  are  the 
cards  prepared  for  each  investigator  on  bis  advent  to  Naples;  with 
these  he  replaces  the  volumes  which  he  has  taken  to  bis  work  place. 
Every  division  of  the  laboratory  is  carefully  organized,  and  is  under 
tbe  charge  of  a  special  assistant.  Prof.  Hugo  Kisig,  tbe  assistant 
director,  has  taken  the  welfare  of  each  student  under  bis  personal 
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charge,  aud  it  ia  uot  until  the eud  of  hia  stay  that  the  visitor  recoguizes 
bow  much  lias  been  done  for  bim. 

There  is  iio  more  interesting  department  of  the  station  than  that  of 
receiving  and  distributing  the  materia}.  Its  headquarters  is  iu  the 
basement  of  tlie  physiological  laboratory,  and  here  Cav.  Lo  Bianco  is 
to  be  found  busy  with  his  aids  aud  atteudauts  amid  a  confusion  of 
pans,  dishes,  and  tables,  enc<uinteriiig  the  Neapolitan  fishermen  who 
have  learned  to  bring  allof  their  rarities  to  the  station.  The  specimens 
are  quickly  assorted  by  the  attendants;  such  as  may  not  be  needed  for 
the  immediate  use  of  the  investigators  are  retained  and  prepared  for 
shipment  to  the  nniversittea  throughout  Europe.  The  methods  of  kill- 
ing aDd  preserving  marine  forms  havb  been  made  a  most  careful  study 
by  Lo  Bianco,  and  his  preparations  have  gained  him  a  world-wide  rep- 
utation. Delicate  jelly-lisb  are  to  be  preserved  distended,  aud  the  frail 
forms  of  almost  every  gi-onp  have  been  successfully  fixed.  The  methods 
of  the  Na])les  station  were  kept  secret  only  until  it  was  possible  to 
verify  aud  improve  them,  na  it  waA  not  deeme<I  desirable  tohavethem 
given  out  in  a  8<;attercd  way  by  a  Dumber  of  investigators. 

Lo  Bianco  has  made  the  best  use  of  the  rich  material  passing  daily 
through  hia  det>artinent,  and  has  been  enabled  to  prepare  the  most 
valuable  rcconls  as  to  spawning  seaisons  and  as  to  larval  conditions. 
He  knows  tlie  exact  station  of  the  rarest  species,  and  it  seems  to  the 
stranger  a  diffic^ult  matter  to  ask  for  a  form  which  can  not  be  directly 
or  iudirectly  procured.  It  adds  no  little  to  the  time  saving  of  the 
student  to  find  each  morning  at  bis  work  place  the  fresh  material 
which  he  hi;8  ordered  the  day  before,  often  in  embana^smeot  rather 
than  dearth  of  richei^. 

A.  collecting  trip  often  o<;curs  as  a  pleasant  change  from  the  indoor 
work  of  the  investigator.  An  excursion  to  Capri  may  be  planned;  the 
launch  will  be  brought  to  the  quay  near  the  station,  and  the  party  will 
embark.  The  collecting  tubs  arc  soon  scattered  over  the  deck,  and 
filled  with  the  dredge  contents.  Some  of  the  passengers  are  quickly 
at  work  sorting  out  their  material,  one  seizing  brachinpods,  another 
compound  ascidians,  another  s]>ouges.  Others  will  wait  until  the  sur- 
face nets  have  l>eeii  brought  iu  and  the  contents  turned  into  Jars.  All 
will  depeud  ai>on  Lo  Bianco  as  an  appellate  judge  in  matters  of  identi- 
fication. 

Many  Americans  have  availetl  themselves  of  the  privileges  of  Kaples, 
and  the  former  lack  of  support  of  un  American  table  needs  little  com- 
ment. Of  those  who  have  hitherto  visited  Naples  more  than  three- 
quarters  have  been  indebted  to  the  courtesies  of  German  universities. 
At  present,  of  the  two  American  tables  one  is  supported  by  the  Smith- 
souiau  Institution,  the  other  by  gift  of  Mr.  Agassiz. 

The  entire  Italian  coast  is  so  rich  in  its  fauna  that  it  is  due  perhaps 
only  to  the  greatness  of  Naples  that  so  few  st;itions  have  been  founded. 
Messina  has  its  interesting  laboratory  well  known  in  Che  work  of  its 
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director,  Prof.  Kleinenberg.  The  Adriatic,  especially  favorable  for 
coUectiDg,  has  at  Istria  a  small  station  on  the  Dalmatian  coast,  and  at 
Trieste  is  the  Austrian  station. 


Triest«  possesses  one  of  the  oldest  and  most  honored  of  marine 
observatories,  although  its  station  is  but  nmall  in  comparison  with  that 
of  Naples,  Plymouth,  or  Roscoff.  Its  work  has  in  no  small  way  been 
limited  by  scanty  income;  it  hns  offered  the  investigator  fewer 
advantages  and  has  therefore  become  outrivalled.  During  the  greater 
part  of  the  year  it  is  but  little  more  than  the  supply  station  of  the 
University  of  Vienna,  providing  fresh  material  for  the  students  of 
Prof.  Clans.  Its  percentage  of  foreign  investigators  appears  small ;  its 
visitors  are  usually  from  Vienna  and  of  its  uidversity. 

Trieste  is,  in  itself,  a  small  but  busy  city,  growing  in  active  commerce. 
Its  quays  are  massive  and  bristle  with  odd-shaped  shipping  of  the 
eastern  Mediterranean.  Its  deep  and  basin-like  harbor  affords  a  col- 
lecting ground  as  rich  as  the  Gulf  of  Naples. 

The  station  has  been  located  at  a  qniet  comer  of  the  harbor,  joat 
beyond  the  edge  of  the  lightlwmHe.  {I'!,  xxxii,  fig.  2  )  Ita  building  is 
somewhnt i-hiUctlikc,  situiitcd  on  a  small,  well  wooded  knoll, asfeen  in 
the  adjacent  figure.  About  it  are  trellis -cove  red  gronnds  inclosed  I>y 
high  wails,  and  separated  from  the  harbor  only  by  the  main  roadway 
of  the  quays.  One  enters  the  laboratory  garden  through  a  large  gate- 
way and  passes  into  a  courtyard  whose  outhouses  disclose  the  pails 
and  nets  of  the  marine  latwratory .  Perhaps  an  attendant  will  here  be 
sorting  out  the  rarities  which  a  bronze-legged  fisherman  has  juat 
brought  in, 

A  library  and  the  rooms  of  the  director,  Dr.  Graeffe,  are  close  by  the 
entrance  of  thebuilding.  In  the  basement  is  the  aquarium  room — some- 
what dark  and  cellar -like;  its  tanks  small  and  shallow,  their  inmates 
representing  especially  stages  of  Adriatic  hydroids  and  antbozoaiis. 
On  the  second  story  are  the  investigator's  rooms — large,  well  lighted, 
looking  out  over  garden  and  sea.  Near  by  is  a  nmsenm  of  local  fauna, 
rich  in  crustaceans  and  in  the  larval  stages  of  A^lriatic  fishes. 

VI-IX,— GERMAN V,   NORWAY,  SWEDEJi,   RISSIA. 

The  German  universities  have  contributed  to  such  a  degree  t{»  the 
bnilding  up  of  the  station  at  Naples  that  they  have  hitherto  been  Uttle 
able  to  avail  themselves  of  the  more  convenient  but  less  favorable  region 
of  German  coasts.  The  collecting  resources  of  the  North  Sea  and  of 
the  Baltic  have  perhaps  been  not  sufficiently  rich  to  warrant  the  estab- 
lishment of  a  central  station.  On  the  side  of  the  Baltic,  the  University 
of  Kiel,  directly  on  the  coast,  may  itself  be  regarded  as  a  marine  sta- 
tion. At  present  the  iuterest  in  founding  local  marine  laboratories  has, 
however,  become  stronger.    The  newly  acquired  Heligoland  has  become 
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the  seat  of  »  well-eigiiiii^d  govenimeiitjil  station.  (Plate  xxsiii.) 
The  island  ha^  beeu  long  known  as  most  favorable  in  collecting  regions, 
and  it!:)  position  in  the  midst  of  the  North  Sea  fisheries  gives  it  especial 
importance.  Its  present  building  is  three-storied,  of  stone,  situated 
near  the  ^ater  in  the  small  town  on  the  Jutland  side  of  the  island.  As 
yet  the  station  has  not  to  compete  with  its  larger  rivals,  but  its  work 
has  been  so  designed  on  the  sides  of  pure  biology,  botany,  and  practi- 
cal fisheries,  that  its  growth  seems  an  assured  aiid  speedy  one.  Work- 
places are  provided  for  four  investigators.  Its  director  ia  Dr.  F. 
Heinke;  his  assistants,  Drs.  Hai-tlaub,  Ehreubaum,  and  Knckuok. 

The  Istriaii  laboratory  at  Rovingo,  a  favorable  collecting  |>oint  on 
the  Adriatic,  ia  to  be  included  among  tlie  German  stations.  It  was 
destined  by  lir.  Hermes,  its  founder,  us  the  supply  depot  of  the  Berlin 
aquarium.  Of  its  workplaces,  two  have  been  rented  by  the  Prussian 
Government,  and  a  third  is  at  the  disjiosal  of  Dr.  Hermes. 

Germany,  however,  is  facile  prtnceps  in  its  active  aid  in  the  promotion 
of  fresh  water  statioDtt;  that  situated  ou  the  margin  of  the  lake  of  Pliin, 
in  Ilolstein,Dear  the  Baltic,  deserves,  even  in  this  connection,  a  passing 
notice.  Its  building  and  equipment  are  certainly  as  complete  as  of  the 
best  class  of  marine  lulmrat^ries  (PI.  xxxiv);  its  management  is  au 
entirely  similar  one,  and  its  director.  Dr.  Otto  Zacharias,  has  given  it 
every  care  to  make  its  success  permanent  and  increasing.  The  publi- 
cation of  its  ForscLungsberichte  has  already  given  it  a  prominent 
place  among  the  stations  of  biological  research. 

Norway,  like  Germany,  is  strengthening  its  interest  in  local  marine 
laboratories.  Two  permanent  stations  have  quite  recently  been  estab- 
lished, one  at  Bergen,  the  other  at  DrJibak,  a  dozen  miles  south  of 
Christiana.  The  former  is  the  larger,  a  dependency  of  the  museum  of 
Bergen.  It  is  under  the  charge  of  Dr.  Brunchorst,  to  whom  its  foun- 
dation is  due,  and  Drs.  Apiwllof  and  Hansen.  lb;  two-storied  villa-like 
building  provides  work  places  for  eight  investigators.  A  well-main- 
tained aquarium  on  the  first  fioor  is  open  to  the  public.  The  second  and 
smaller  station  isdevote<1aImostexcIusIvely  to  research  in  morphology. 
It  is  a  dependency  of  the  University  of  Christiana  and  is  under  the 
directorship  of  one  of  its  professors,  Dr.  Johan  HJort.  With  the  rich- 
est collecting  resources  these  new  stations  may  naturally  be  expected  to 
yield  most  important  results. 

The  Swedish  station  lias  long  been  associated  with  the  work  of  its 
late  director,  Fro£  Loveii.  It  is  situated  on  the  west  coast  near  the 
city  of  Gothenburg.  Its  three  original  buildings,  a  laboratory  and  two 
dwelling  houses,  were  constructed  about  fifteen  years  ago  by  a  gift  of 
Dr.  Itegncll,  of  Stockholm.  The  laboratory  is  a  wooden  building  well 
furnished  with  aquaria,  provided  in  its  second  story  with  separate  work- 
places for  investigators.  It  is  at  present  maintained  by  governmental 
sub.si(ly,  Ita  recently  appoiiited  director  is  Dr.  Iljalmar  Tbeel.  of  the 
State  Museum  at  Stockholm.     It^  students  are  mainly  trom  the  Uni- 


ZooLoaiCAL  Station  at  St.  Andrews.  Scotland. 


Dutch  Zoolooical  Station  at  the  Heloer. 

FKturefromTlJiJiichr.d.  Ned.  Wwk.  Vereen.flJull.  IWO.^  ^ 


ubjGoOgIc 


~.oog[e 


The  ZooLoatCAL  Station  at  Naples.   iMav.  1892.) 


ubjGoOgIc 


Pl*TE  XXXII. 


BioLoaiCAL  Station  at  Berqen,  Norwav. 


The  Station  at  Trieste. 
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Plate  XXXIII. 


The  Station  at  Helioolano. 


^dbyGoogle 


ubjGoOgIc 


Plate  XXXIV. 


Biological  Station  on  Lake  of  Pl&n  (Holstein]  near  Kiel. 


DigmzedbyGoOgle 


ubjGoOgIc 


THE    MARINE   BIOLOGICAL    STATIONS   OF   EUROPE.  519 

verflity  of  Upsaht.     LI]i  to  the  preseut  time  foreigners  bave  not  been 
admitted. 

Russians  have  ever  been  most  enthusiastic  in  marine  research,  aod 
their  investigators  are  to  be  found  in  nearly  every  marine  station  of 
Europe.  The  French  laboratory  on  the  Mediterranean  at  Ville-Franche 
is  essentially  supported  by  Russians.  At  Na]>les  they  are  often  next 
in  numbers  to  the  Germans  and  Austrians.  The  learned  societies  of 
Moscow  and  St.  Petersburg  have  contributed  in  no  little  way  to  marine 
research.  The  station  at  Sebastopol,  on  the  Bhivk  Sea,  has  become 
permanent,  possessing  an  assured  income.  That  near  the  Convent 
Solovetsky,  on  the  White  Sea,  though  small,  is  of  marked  importance. 
It  is  already  in  its  thirteenth  year.  Prof,  Wagner,  of  St.  Petersburg, 
has  been  its  most  earnest  pi-omoter  as  well  as  constant  visitor.  He, 
in  fact,  caused  the  superior  of  the  convent  to  become  interested  in  its 
work  and  secured  a  pcrmaneut  building  by  the  convent's  grant;  he  was 
then  enabled  by  an  appropriation  from  the  Government  to  provide  an 
equipment  and  is  now  agitating  the  matter  of  the  appointment  of  a 
permanent  director.  The  annual  maintenance  of  the  station  is  due  to 
the  Society  of  Naturalists  of  St.  Petersburg.  Solovetskaia  is  said  to 
possess  the  richest  collecting  region  of  the  Russian  coasts.  Its  lab- 
ratory  is  certainly  the  only  one  which  has  at  its  command  a  truly  Arctic 
fauDM. 
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THE  AIR  AND  LIFE.' 


By  Henby  »e  Vaeiony. 


Every  living  thing  breathes,  and  to  maintain  life  air  is  as  essential 
as  water  and  food  and  a  certain  degree  of  heat.  This  Hounds  like  an 
aItogether(!Oinmonplace  idea,  and  one  over  wliieli  there  would  be  no 
reason  to  linger  were  it  not  that  modern  science  in  its  exact  analysis  of 
phenomena  has  brought  to  light  many  curions  facts  wliieh  show  how 
varied  are  the  relations  between  the  livhig  organism  and  its  environ- 
ment. 

Before  we  discuss  these  various  relations,  li't  us  say  a  few  words 
about  the  air  itself.  It  surrounds  our  globe  on  alt  sides  to  a  height 
not  actually  known,  but  as  life  probably  can  not  be  maintained  beyond 
10,000  or  15,000  meters,  the  air  beyond  tiiat  distance  is  of  no  interest 
for  oar  present  puri>ose.  It  appears,  ulso,  tliat  there  is  no  life  in  our 
seas  at  a  depth  grc^ater  than  8,000  or  10,000  meters,  so  that  we  may 
say  that  all  living  things  are  contaiuetl  in  a  stratum  not  more  than 
20,000  or  2G,000  kilometers  thick.  In  this  thin  layer,  wherein  life  attains 
its  masimnm  density  at  its  central  part,  represented  by  the  sea  level, 
all  living  organisms  are  contained.  It  is  small  when  com])ared  with 
the  dimensions  of  the  earth  and  the  imu)ensities  of  celestial  space,  but 
it  becomes  all  tlie  moi-e  wonderfnl  in  view  of  the  variety  of  the 
fbrms  evolved  in  it  and  the  development  attained  by  some  of  them. 

Each  organism  bears  its  portion  of  the  weight  of  this  atmosphere, 
a  person  of  average  stature  supiioi'tjng  several  thousand  kilograms. 
.The  air  contains  aqueous  vapor,  holds  in  suspension  diflerent  sorts  of 
dust,  is  stirred  by  numberless  motions;  and  each  of  these  qualities  biis 
an  effect  upon  life. 

Chemically  considered,  air  is  composed  of  various  elements.  It  is 
not  a  simple  body,  as  was  su])posed  up  to  the  end  of  the  last  century, 
but  a  mixture  of  gaseous  bodies,  susceptible  of  analysis  and  separa- 
tion. It  is  a  mixture  and  not  a  combination,  for  its  elements  unite 
without  electric  or  thermic  phenomena,  and  it  is  a  mixture  in  which 
tbe  relative  proportions  of  the  component  ]iarts  may  be  considered  as 
practically  constant. 

Three  of  its  elements  preponderate  either  as  to  quantity  or  in  phyai- 

•  Translated  frcm  /,ViHr  ilen  lleut  ifnuilet,  July,  IH'JS;  vol.  CXVllI,  pp.  iR-121. 
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ological  importance,  vizi  oxygeu,  Ditrogeii,  aixlcarbooicacUI.  Where  do 
theBe  eleiaetit^  come  from  1  Wbat  is  their  proportion  t  What  becomes 
of  themf  We  naturally  »sk  these  tjuestions,  antl  it  does  not  seem  oat 
of  place  U>  consider  them  here.  In  our  examination  of  the  relations 
between  the  atmosphere  and  the  livhig  being  our  chief  concern  will  be 
the  inSaence  of  organisms  on  the  air,  although  in  the  course  of  our 
study  the  inflaence  of  air  upon  organisms  will  also  come  under  notice. 

I. — CONSTITUENTS   OF    THE    ATMOSPHBRE. 

Oxygen  was  discovered  by  Priestley  and  Sclieele  in  1774.  Not  long 
after,  Lavoisier  proved  by  very  simple  ex[>eriments  that  oxygen  is  one 
of  the  constituent  elements  of  air  and  that  air  itself  in  a  comi>ound — a 
mixture  of  gases.  The  reader  could  not  do  better  than  to  consult  on 
this  i»oint  Mr.  Berthelot's  inteit-sttng  book,  La  Revolution  Ckhniqw. 
The  term  oxygen  wa-t  invented  by  Lavoisier.  It«  discovery  made  a 
revolution  in  chemistry  and  in  physiology  and  was  the  beginning  of  ao 
era  which  has  been  fertile  in  wonderfiil  results. 

Oxygen  is  a  gas  heavier  than  air  and  is  specially  favorable  to  com- 
bustion and  respiration,  lu  1,000  liters  of  air  there  are  20S  liters  of 
oxygen  and  70;i  liters  of  nitrogen.  These  figures  have  been  obtained  by 
the  numerous  and  ^ery  exact  methods  now  used  in  chemistry,  and  the 
same  raethmls  have  been  employed  to  determine  the  constancy  of  the 
proportion  of  oxygen.  Such  investigations  were  necessary,  becau.<w 
certain  chemists,  Dalton  and  Babinet  among  others,  thought  that  iVom 
theoreticjil  considerations  the  proportion  of  oxygen  in  the  air  ought  to 
decrease  as  the  elevation  increases,  that  :it  the  surface  of  the  earth 
there  ought  to  be  a  little  less  oxygen  and  a  little  nmro  nitrogen,  while 
in  the  upper  regions  of  the  atntosphere  the  relative  pn>portions  would 
be  I'eversed,  so  that  at  an  altitude  of  10  kilometers,  for  example,  the 
volume  of  oxygen  would  be  184  to  SHJ  of  nitrogen.  I>ire<-t  analysts, 
however,  ma^le  by  Thenanl  of  air  obtained  by  <iay-Lnssa«':  at  ati  altitude 
of  7,000  meters,  and  the  ex|>eriments  of  Dumas  and  Bonsshiganlt  maile 
by  means  ol'  the  weighing  method,  have  provetl  that  the  fiH;ts  do  not 
cimdrni  those  theories.  The  relative  pn>portiiins  of  oxygen  and  nitro- 
gen in  the  air,  then,  nisiy  be  said  t4>  be  uniform  and  constant,  except 
for  slight  oc<-asionaI  variations. 

Dumas  and  Uoussingault,  who  studied  the  air  for  oxygen  in  different 
kinds  of  weather  at  didVtrent  altitudes,  in  different  pln^'cs  and  at  differ- 
ent seasons,  obtiiined  prat^tically  )denti<-iil  results,  with  the  usual  allow- 
ance for  errors.  Other  chemists,  Brunner,  Kegnanlt,  Keiset,  Doyere, 
and  Bunsen, have  all  by  difTerentmethods  reached  the  same  conclusion, 
which  may,  therefore,  be  considered  as  Jirmly  ontablished. 

Our  first  ^gue.stion  is  where  does  this  oxygen  in  the  air  come  from t 
What  are  its  sources}  The  jicrmaiience  of  the  iirnportion  of  the  gas 
in  the  air  and  the  enonnons  ([uantity  of  it  cdusumed  by  living  beings 
and  in  combustion  naturally  lead  us  t'>  dcsiit^  an  answer  on  this  i>oint. 
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What  we  know  nboiit  it  is  that  more  tlian  u  trillion  kilograms  are 
contained  in  the  air^  that  it  constitutes  nearly  half  the  weight  of  the 
minerals  of  the  globe  and  eight-ninths  of  the  weight  of  water,  and  that 
it  abounds  in  the  tissues  of  all  living  things.  At  present,  however, 
but  one  8oun-e  of  oxygen  is  known,  viz,  plants,  a  discovery  made  by 
Priestley  and  explained  by  Perceval  and  Senebier.  Vegetables  have 
the  property,  due  to  their  chlorophyll,  of  decom|iosing  carbonic  acid 
into  its  elements,  carbon,  which  becomes  fixed  in  their  tissues,  and 
oxygen,  which,  on  being  freed,  diffuses  itself  through  the  atmosphere. 
There  are,  of  course,  many  chemical  reactions  which  efiect  a  liberation  of 
oxygen,  such  as  the  electrolysisof  water,  the  decomposition  of  chlorate 
of  potassinm,  or  sulphuric  acid  by  beat,  hut  is  it  from  uuch  reactions 
as  these  or  from  others  which  occur  naturally,  that  this  gits  is  liberated 
into  the  atmospheret  We  do  not  know.  But  tlie  fact  being  accepted 
that  the  comix)sition  of  the  air  remains  constant,  there  must  be  some 
processes  by  which  the  enormous  volume  of  oxygen,  absorbed  as  it  is 
by  organic  and  inorganic  combustions  at  every  second  in  every  i>ortion 
of  the  globe,  is  restored  sooner  or  later  to  the  atmosphere.  Is  it  possible 
for  plants  to  jierformall  this  chemical  Inlmrt  This  is  »  question  we  nsk 
without  being  as  yet  able  to  answer.  Everything  seems  to  indicate 
however  that  they  do  suffice  for  it. 

Altliougli  the  proportion  of  oxygen  in  the  air  is  constant,  or  priu'ti- 
cally  so,  yet  it  must  not  be  forgotten  Ihat  certain  local  conditions  tend 
to  inereaiie  or  diminish  its  usual  ratio.  The  air  loses  oxygen  in  places 
crowded  with  living  beings,  in  places  where  substances  oxidize  either 
slowly  or  rapidly,  as  in  public  halls,  for  instance,  or  in  mines,  and  a 
chemical  analysis  of  air  quickly  shows  its  condition.  Wherever  there 
is  consumption  of  oxygen  without  sufficient  circulation  of  air  the  pro- 
portion of  oxygen  is  lessened.  These  local  variations,  however,  do  not 
alfect  the  comi>osition  of  the  whole  any  mom  than  it  is  affected  by 
forests,  where  thei-c  is  abnndunt  production  of  oxygen. 

Let  us  now  prwieed  to  consider  nitrogen.  This  gas  w:is  disc^ivered 
by  Rutherford  in  1772,  and  was  proved  by  Lavoisier  to  enter  into  the 
mixture  which  we  know  under  the  name  of  iiir.  It  is  lighter  than  air 
and  forms  seventy-nine  one- hundredths  of  its  balk.  It  neither  burns 
nor  is  i  t  combustible.  1 1  doe^  not  serve  for  respiration,  nor  can  it  sustain 
life.  It  is  not  toxic,  but  merely  inert,  indifferent,  and  for  respiratory 
purposes  inactive.  Our  knowledge  of  its  origin  is  limited.  We  know 
that  it  is  produ<;ed  by  certain  thermal  springSj  the  sulphurous  ones  in 
particular,  "We  know  that  it  is  contained  in  the  excretions  of  animals 
and  that  they  have  absorbed  it  from  the  air  they  have  bi-eatheii.  Like 
oxjgen,  it  seems  to  be  present  in  air  everywhere  in  the  same  pmi>or- 
tions. 

These  two  elements,  oxygen  and  nitrogen,  form  the  largest  and  the 
most  essential  parts  of  the  air.  The  elements  which  wc  sJiall  now  con- 
sider are  only  small  and  variable  portions,  we  might  almost  say  iicces- 
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soriea  were  it  not  that  analysis  shows  their  part  in  life  to  l>e  almost  as 
importaut  as  the  fnndameutal  aud  essential  elements. 

The  chief  of  the  accessory  elemeDts  is  catbooic  acid.  Very  small 
quantities  of  it  exist  in  the  air  iu  proportions  of  4  or  5  ti>  10,000  vol- 
umes of  air.  Relatively  it  is  a  heavy  gas  and  distinctly  unfavorable 
to  respiration  or  combustion,  as  Priestley  discovered.  Its  proportioniu 
the  air  is  not  fixed,  but  varies  according  to  place  aud  condition  mach 
more  thau  does  that  of  the  other  gases.  De  Saussure  discovered  very 
marked  variations  as  long  ago  as  1827,  varying  between  3-15  and  15-74 
per  10,000.  Boussingautt  aud  L^vy  tbnnd  a  differeQce  between  Paris 
and  Andilly  of  3-19  iu  the  town  and  2-99  in  the  village.  Boscoe  and 
McDougall  found  not  so  much  difiereuce  between  Manchester  and  its 
environs,  but  at  Olennont-Ferrand  M.  Trncbot  gives  figures  of  3-15 
per  10,000 ;  at  Puy  de  Dome,  of  2-03,  and  at  Pic  de  Sancey,  1'72.  These 
examples  are  enough  to  show  that  the  quantity  of  carbonic  acid  in  the 
air  varies  considerably  and  that  the  air  of  high  places  apd  of  the 
country  is  much  purer  than  iu  towns.  A  variation  also  is  produced  by 
the  seasons,  the  month,  and  the  year,  andDeSaussurenotes  an  increase 
of  the  gas  at  night  and  in  cloudy  weather.  But  these  variations  occur 
in  an  irregular  manner  from  day  today,  although  they  seem  lessmarked 
above  the  sea,  the  air  being  purer  there,  as  on  high  mountains.  Again, 
these  variations  are  much  greater  in  places  where  the  air  does  not  cir- 
culate freely  and  where  organic  or  Inorganic  combustions  are  taking 
place.  This  is  not  a  matter  of  surprise  when  we  remember  that  the  air 
we  have  this  moment  exhaled  contains  100  times  more  carbonic  acid 
than  the  same  air  when  we  inhaled  it  some  seconds  ago.  This  being 
the  case,  we  have  only  to  take  a  close  room  with  «ne  or  more  persons  iu 
it,  and  in  time  we  could  note  all  the  possible  proportions  of  carbonic 
acid  were  it  not  that  the  experiment  is  self  limited.  The  normal  pro- 
portion of  carbonic  acid,  as  stated  by  Pettenkoffer,  is  0-04  or  O-Oo  per 
1,000.  This  may  increase  in  an  illaired  room  to  0-54  or  0-70,  and  in  an 
ill  ventilated  sick  room  to  2-4.  In  a  lecture  room  it  may  go  np  to  3*2, 
.in  a  schoolroom  to  7-2,  and  even  to  21  in  an  Alpine  stable,  where  men 
and  beasts  huddle  together  in  winter,  stopping  the  chinks  against  the 
cold.  But  there  soon  comes  a  limit;  the  men  or  the  animals  die  sooner 
or  later  and  the  production  of  (carbonic  acid  ceases.  They  die,  killed 
by  excess  of  carbonic  acid  and  by  lack  of  oxygen.  A  place  containing 
more  than  4  i>er  cent  of  carbonic  acid  and  less  than  16  per  cent  of  oxygen, 
which  are  the  proportions  in  expired  air,  becomes  rapidly  fatal  to  life. 
Bnt  we  shall  take  up  this  point  again  when  we  come  to  speak  of  the 
rehitions  of  carbonic  acid  to  life.  Our  object  here  is  to  point  out  that 
the  proportion  of  carbonic  acid  increases  largely  iu  a  confined  locality 
and  that  its  proportions  va' —    ---■',,  tiiose  of  oxygen  and  nitrogen. 

The  variations  depend  '  of  production  of  the  gas  iti 

question,  and  on  that  poii  ively  a  good  deal.    Carbonic 

acid  has  many  sources,  01  ave  mentioned  in  passing. 
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All  liviiif^  beiiigii  »ru  prwiucers  of  carbonic  acid,  and  all  breathe, 
although  with  viu-ied  force.  Respiration,  chemically  considered,  is  tbe 
combination  of  a  certain  quantity  of  carbon  of  tbe  bo<ly  and  a  certain 
quantity  of  oxygen  of  the  air;  it  in  a  manufacture  of  carbonic  acid 
which  is  expelled  by  the  lungs.  This  constant  evolution  of  carbonic 
Miid  by  animals  and  also  by  plants,  which  breathe  like  animals,  cer- 
tainly varies  in  intensity;  and  we  know  that  in  the  same  species  of 
animal,  for  example,  the  male  produces  more  th:in  the  female,  ttao  adult 
more  than  the  very  young  (»r  tbe  very  old,  the  strong  more  than  the 
weak,  etc.  Everyone  knows  also  that  tills  production  is  increased  by 
exercise,  by  movement,  by  sunlight,  by  the  taking  of  fond;  diminished 
by  rest,  by  darkness,  by  want  of  food.  Itniaybesaid  that  on  the  aver- 
age man  exhales  20  liters  of  carbonic  acid  every  hour,  or  nearly  a  kilo- 
gram in  the  twenty -four.  The  sheep  produces  more  and  the  bull  about 
7  and  8  kilograms.  To  fully  appreciate,  however,  the  rate  of  produc- 
tion of  carbonic  acid  by  animals,  let  ns  state  it  differently  and  bring  it 
down  to  a  common  unit,  tbe  kilogram  of  tbe  weight  of  an  animal. 
The  total  amount  produced  will  then  be  wmpared  with  the  number  of 
kilograms  that  the  animal  weighs,  and  we  can  say  that  a  kilogram  of 
horse  or  ox,  or  of  duck,  produces  such  and  such  a  quantity  every 
twenty-lour  hours.  By  this  method  we  find  that  birds  are  the  greatest 
producers  of  carbonic  acid.  A  kilogram  of  ox  excretes  from  3  to  7 
grama  of  carbon  every  twenty-four  hours,  a  kilogram  of  turkey  about 
20  grams,  a  kilogram  of  newly-hatched  chicks  56  grams,  and  of  spar- 
rows nearly  CO  grams.  This  ought  not  to  surprise  us,  for  we  know  that 
the  respiratory  activity  of  birds  is  very  great,  and  the  consequent  pro- 
duction of  carbonic  acid  necessarily  large. 

BoussingaulC  made  the  calculation,  some  time  ago,  that  the  city  of 
Paris  alone  produces  from  men  and  horses  about  a  half  a  million  cubic 
meters  every  twenty-four  hours.  At  the  present  time  these  figures 
would  be  much  larger,  and  if  we  estimate  the  total  )>opulatioD  of  the 
globe  at  a  thousand  million,  the  conclusion  is  evident  that  man  alone 
casts  off  480,000,000  of  cubic  meters  of  carbonic  acid  per  day  into  the 
atmosphere;  in  other  words,  175,200,000,000  of  cubic  meters  per  year ! 
It  is  difficult  to  cah^ulatetlie  exact  produi'tion  for  animals,  but  it  is  cer- 
tainly double  or  triple,  according  to  Girardin.  We  may  call  the  amount 
produced  by  animals  and  men  together  700,000,000,000  of  enhic  meters 
per  year.  If  we  add  to  this  the  productions  from  plants,  from  the  com- 
bustion of  wood  and  coal,  tlie  slow  production  from  the  whole  terres- 
trial surface  where  vegetable  matter  is  decaying,  from  mineral  sources, 
from  volcanoes  and  their  surroundings  (Cotopaxi  exhales,  accordingto 
Boussingault^  more  than  all  Paris),  from  natural  springs,  from  terres- 
tTial  depths,  it  will  not  surprise  us  that  Mr.  Armaud  Qautier  concludes 
that  2,500,000,000,000  [2j  billion  |  of  cubic  mel«rs  of  carbonic  acid  is 
produced  every  year.  And  even  that  enormous  sum  is  certainly  less 
than  the  actual  fact. 
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Witli  this  formidable  amount  of  pruduvtioii  in  view,  ^e  may  well  be 
astonished  tliat  the  proportion  of  carbonic  acid  in  the  atmoaphere 
remains  so  slight,  for  we  can  easily  eatcalate  what  proportions  it  would 
reach  in  ten,  twenty,  or  a  hundred  years,  and  how  fatal  such  pro[>or- 
tions  would  be  to  life,  were  there  uot  some  cause  coostautly  at  work 
destroying  this  gas.  We  are  sure  therefore  that  some  powerful  meaos 
eliminates  this  gas  from  the  atmosphere  in  about  the  proportion  io 
which  it  is  produced.  Tliree  of  these  means  we  know,  viz,  animals, 
plants,  and  tlie  sea. 

Although  plants  by  their  respiratory  function  are  exhalers  of  car- 
bonic acid,  they  absorb  a  much  larger  quantity  of  it  for  their  nutrition. 
They  absorb  this  gas  and  decomiK>se  it  into  its  elements,  carbon,  which 
becomes  part  of  their  tissues,  and  oxygen,  which  they  restore  to  the 
air.    Plants  are  great  producers  of  oxygen, 

Kext  in  order  of  carbonic-acid  destroyers  are  animals  having  skele- 
tons or  calcareous  carapiwiea,  such  as  shellfish,  corals,  nearly  all  marine 
and  terrestrial  animals  which  form  carbonate  of  lime.  Van  Dechen 
has  estimated  that  the  calcareous  strata  of  the  carboniferous  rocks 
alone  contain  six  times  more  carbon  than  tlie  atmosphere  now  has,  a  fact 
which  suggested  to  Sterry  Hunt,  the  American  geologist,  that  there 
must  be  some  other  source  of  carbonic  acid,  namely,  interstellar  space. 
Indeed,  if  the  carboniferous  rocks  shonhl  liberate  into  the  atmosphere 
all  the  carbonic  acid  tliey  cA>ntaiu,  the  pressure  upon  tbat  gas  would 
be  so  great  that  a  large  part  of  it  would  be  soon  liquified  or  even 
Bolidifled.     (Stanislas  Meunier.) 

Lastly,  the  sea  bas  a  most  important  part  in  the  absorption  and 
regulation  of  tlie  production  of  carbonic  acid,  and  thus  prevents  its 
accumulation  in  the  air  beyond  certain  limits.  Experiments  made  by 
Mr.  Schloesing  prove  that  sea-water  holds  in  solution  a  much  larger 
quantity  of  carbonic  acid  than  tbe  air  contains.  When  carbonic  acid 
increases  in  the  air  on  account  of  a  production  in  excess  of  the  destrao- 
tion,  a  portion  of  it  becomes  dissolved  in  the  sea  water  and  unites 
with  the  neutral  insoluble  carbonate  of  lime  that  tbat  water  aJways 
contains  to  form  a  soluble  bicarbonate.  Inversely,  when  the  quantity 
of  carbonic  acid  diminishes  in  the  atmosphere,  tbe  soluble  bicarbo- 
nate decomposes  into  the  neutral  carbonate  which  remains  in  the 
sea,  and  into  carbonic  acid,  which  penetrates  into  the  atmosphere. 
In  short,  when  there  is  equilibrium  of  tension  between  the  carboiuc 
acid  of  tbe  atmosphere  and  the  acid  of  the  sea  water,  nothing  is 
produced,  but  the  moment  the  equilibrium  of  tension  is  destroyed  the 
sea  proceeds,  by  this  simple  chemical  process,  to  restore  it.  This 
adjustment,  constantly  going  on,  is  made  possible  because  the  sea  con- 
tains a  much  greater  amount  of  carbonic  acid  than  the  atmosphere^ 
ten  times  more  according  to  a  calculation  of  Mr.  Schloesing.  However 
great,  then,  the  prof  Mbonic  acid  may  be  on  the  surface  of 

the  globe  by  all  the  ve  enumerated,  we  are  certain  that 
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the  proportioiiH  of  tliis  gas  iu  the  atmosphere  as  a  whole  can  vary 
bat  slightly,  owing  to  the  power  of  the  sea  to  absorb  the  gasandmaiu- 
taia  the  eiiuilibriiini. 

There  is  no  doubt  that  oxygen,  nitrogen,  iind  earbonic  acid  are  the 
most  initHtrtant  elementH  of  tbe  air  from  a  chemical  standpoint.  Uther 
bodies,  however,  are  normal  iu  tbe  ntniosphere.  Ammonia  is  one  of 
thein.  It  has  been  found  by  G.  Villc  in  the  extremely  small  proportion  of 
2-1  grivms  per  1,00)1,000  kilograms  of  air.  Nitric  acid  is  another  which 
has  been  discovered  iu  rain  water  in  the  proportion  of  1  to  10  milligrams 
iu  a  liter  of  water.  Ozone  also  is  found,  oxygen  that  has  become  con- 
densed or  in  some  way  more  potent  under  tbe  Influence  of  atmospheric 
electricity.  But  as  a  matter  of  fact  tlie^e  bodies  exist  in  the  air  in 
very  trifling  pro]H>rtioiis  and  there  is  no  need  to  consider  them  further 
at  present.  Their  functions  with  regard  to  life  are,  however,  cleaj, 
and  we  will  mention  them  again  further  on. 

II. — CHEMICAL    EFFECTS   OF    ATMOSPHERIC    OASES. 

Ilaving  now  become  acquainted  with  the  elements  of  the  atmos 
pberc,  their  relative  pn>portions  in  the  aerial  mixture,  the  manner  in 
which  they  are  produced  and  destroyed,  and  assuming  that  it  is  a 
fairly  well  established  principle  that  the  composition  of  air  varies  but 
little,  remaining  the  same  within  the  above  indicated  limits,  and  having 
shown  the  part  performed  by  animate  life  iu  maintaining  the  composi- 
tion of  tbe  atmospht^ro,  we  may  now  discuss  the  functions  of  the  atmos- 
phere with  reference  to  animate  life. 

For  simplification  we  shall  make  a  separate  examination  of  the  func- 
tion performed  by  the  several  constituent  elements  of  air.  Oxygen  is, 
to  all  appearances,  tbe  vital  ga-s  par  e.x<^cllence,  and  with  it  we  shall 
begin.  It  is  universally  known  to  be  ne<;(!ssary  for  the  respiration  of 
animala  and  men,  and  its  great  usefulness  has  been  clearly  demon- 
strated by  physiology.  Man  is  a  great  consumer  of  it,  inhaled  aircon- 
taining  on  an  average  from  '20  to  31  volumes  of  oxygen  while  tbei'e  are 
but  ]C  volumes  in  exhaled  air,  the  organism  therefore  has  absorbed  4 
volumes.  In  twenty-four  hours  the  human  body  retains  over  740  grams, 
or  516,500  cubic  centimeters,  representing  for  all  mankind  an  aggregate 
of  500,000.000  cubic  meters  [wr  day.  Children  and  aged  people  con - 
sumo  less  oxygen  than  tbe  middle  aged,  the  latter  absorbing  014  grams 
in  twenty-four  liours,  while  375  grams  suffice  for  a  child  of  8  years. 
Various  other  conditions  also  exeit  a  perceptible  influence,  a  person's 
vigor,  .sex,  external  temperature,  inaction  or  iu:tivity  either  incre-a^ing 
or  diminishnig  the  couNumption  of  oxygen.  The  gasisab.'^orbedbythe 
tissues  wbicb  it  reaches  chiefly  through  the  lungs  and  blood,  although 
one  eightieth  as  much  as  is  taken  np  by  ttie  lungs  is  absorbed  by  the  skin. 
All  living  tii^sues  re<juire  oxygen,  for  all  breathe,  and  the  InngH  are  noth- 
ing but  the  instrument  of  respiration.  Tbe  chemical  operation  by  which 
respiration  is  essentially  constituted  is  performed  elsewhere,  in  the 
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tisHTiestheiDBelves.  TLe  luu^s,  not  wJth»tiiiKUiigtli«uptiiiou  of  physiolo- 
gists of  tliela»t  century  and  of  Lavoisier  liiiii»f  If,  are  but  the  inlet  tbrough 
which  the  vital  gas  isadmitted.  Itespiratioii  is  an  oiteration  essentially 
chemical;  the  oxygen  inairpassestliroHgh  the  walls  of  the  exceedingly 
fine  eapillaries  of  the  lungs,  where  it  finds  in  the  re4l  globules  of  blond  a 
certain  substance,  hemoglobin,  which  unites  with  it  by  virtue  of  its 
chemical  aCQnity  and  transiiorts  it  to  every  part  of  the  organism,  there 
to  assist  in  the  chemioil  operations,  especially  the  oxidations  which 
attend  life  in  the  cells  and  tissues  or  in  the  organs  formed  by  them. 
The  result  is  a  production  of  caibonio  acid,  the  oxygcii  of  which  is 
supplied  by  the  air  and  the  carbon  by  the  tissues.  Blood  is  then  noth- 
ing but  a  vehicle;  it  brings  tlie  requisite  oxygen  to  the  tissues  and 
carries  o£f  the  carbonic  acid  which  would  soon  cause  death,  if  allowed 
to  aceunnilate  there. 

While  respiration  is  coinniun  to  all  animals,  it  is  far  from  Iteing 
equally  active  in  all;  it  is  more  intense  in  birds  than  in  mammals,  in 
mammals  than  in  reptiles  and  mollusks;  on  the  other  hand,  an  active 
animal  will  consume  more  oxygen  than  a  slothful  one  or  one  plunged  in 
Bleep,  lethargy  or  hibernation.  Yet  all  animals  breathe;  none  cau  dis- 
pense with  oxygen,  and  if  that  gas  fails  them,  tbey  die. 

It  is  not  otherwise  with  vegetables.  True,  plants  exhale  oxygen 
through  their  function  of  nutrition,  bnt^  as  was  pointed  out  by  Priestley, 
they  absorb  some  through  their  fuuctitm  of  respiration.  With  tbem  also 
this  fuuctioii  may  vary  in  intensity.  During  germination  a  large  quaa 
tity  of  oxygen  is  required  aud  we  thus  understand  why  so  many  seeds 
can  not  germinate  under  water  where  the  supply  of  oxygen  is  insutfi- 
cieut,  or  in  compact  soils  that  are  not  easily  penetrated  by  air.  One 
seed  may  demand  one-hundredth  of  its  weight  in  oxygen,  another  seed 
will  thrive  on  one-thousandth  or  one-half  of  ouc-thousandth,  but  all 
need  some.  Plants  also  reqnire  oxygen  during  growth;  tbey  consume 
it  in  large  quantities  when  blooming,  at  which  time  chemical  operations 
are  so  rapid  and  so  intense  as  to  give  rise  to  quite  a  perceptible  prodnc- 
tion  of  heat.  At  every  instant  in  their  lives  they  consume  oxygen,  and 
it  is  for  this  reason  that  large  quantities  are  not  kept  in  our  dwellings, 
especially  at  night,  when  they  produce  carbonic  acid,  oxygen  being 
exbaledonlybyday.  Even  when  apparently  dead,  plauts  still  breathe; 
their  separated  parts — blossoms,  leaves,  fruits — inclosed  in  a  vase  filled 
with  air,  consume  oxygen  and  pnnluce  carbonic  acid.  If  placed  in  a 
medium  devoid  of  oxygen,  death  S])eedily  follows. 

So  then,  no  life  is  possible  without  oxygen,  neither  for  animals  nor 
for  ]>lants.  This  much  has  been  determined  by  science  since  the  day 
of  Lavoisier's  discovery; 

The  hasty  conclusion  might  be  reached  by  some  that  an  unusual  pro- 
portion of  oxygen  makes  life  more  intense,  and  that  wherever  there  is 
a  lack  of  air  life  is  also  absent.  Investigations  by  Paul  Bert,  and 
especially  by  M.  Pasteur,  dw"  '  '  **  finoen  or  twenty  years,  bavQ 
shown  how  erroneous  are  so  (^  lOO'Hc 
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Living  beings  are  adapted  for  life  in  an  atmosphere  containiag  one- 
fourth  oxygen  and  three -fourths  nitrogen.  Experiments  show  that  if 
the  proportion  of  oxygen  be  decreased  even  by  oue-fourth  the  air  can 
not  sustain  life.  Tlie  adaptation  of  living  beings  to  the  atmosphere  is 
thus  confined  within  narrow  bounds,  and  it  is  therefore  proper  to  ask 
whether  a  variation  in  the  opposite  direction,  that  is,  by  excess  of  oxy- 
gen, would  not  likewise  be  injurious  to  life.  Paul  Bert  contributed 
much  toward  a  solution  of  this  problem.  Experiments  have  established 
a  fact  that  seems  very  strange  at  first,  but  which  will  leas  surprise  those 
-accustomed  to  outsider  the  adaptation  of  living  beings  to  their  envir- 
onment. Oxygen,  the  vital  and  x)  re -eminently  viviTying  gas,  is  also  a 
vimlent  poison,  not  only  for  animals,  but  for  plants;  for  cells  as  well  as 
for  the  entire  organism.  If  the  t«nsioa  of  the  oxygen  of  the  air  be 
raised  to  a  certain  degree,  or,  what  amounts  to  the  same  thing,  if  its 
volume  be  increased  to  a  certain  proportion,  tliat  air  becomes  at 
once  a  death-dealing  agent.  This  can  bedemonstrate<l  in  two  ways, 
either  by  subijecting  the  animal  or  plant  to  an  abnormal  atmospheric 
pressore  or  by  placing  it  in  air  in  which  the  proportion  of  oxygen 
has  been  artificially  increased.  In  both  instances  the  same  phenomena 
take  place  and  death  soon  supervenes.  The  cause  for  tbis  is  not  well 
known  as  regards  plants,  but  Paul  Bert  has  shown  that  animals  die  in 
an  atmosphere  overcharged  with  oxygen  as  soon  as  their  blood  contains 
one-third  more  than  ttie  normal  proiMrtion  of  oxygen.  The  reason  for 
this  is  that  the  hemoglobin  in  the  blood,  coming  in  contact  with  such 
atmosphere,  becomes  saturated  with  oxygen,  and  after  that  a  por- 
tion of  that  gas  at  once  dissolves  in  the  blood,  or  rather  iu  its  liquid 
serum.  Therein  lies  the  cause  of  all  the  mischief,  that  oxygen  carried 
in  the  serum  i.t  dissolved,  free,  uncombiued,  and  on  coming  iu  contact 
with  the  tissues  it  kills  them.  Here  we  have  the  metliod  of  the  proc- 
ess, but  the  cause  is  not  yet  understood.  We  can  only  ^tate  the  fact 
that  tissues  can  not  stand  free  oxygen  and  will  take  and  utilize  that 
gas  oidy  by  borrowing  it  from  the  red  glob'iles  which  convey  it  in  their 
hemoglobin  as  already  explained.  Inoiher  wordsliving  tissuesabsorb 
oxygen  indirectly  and  will  not  tolerate  it  when  directly  supplied. 

Notwithstanding  all  this,  oxygen  is  none  the  less  a  powerful  thera- 
peutic agent.  Like  all  poisons,  it  may  be  administered  in  beneficial 
doses  and  a  salutary  latitude  exists  between  the  normal  quantity  found 
in  blood  and  that  at  which  danger  would  begin. 

This  poisonous  property  of  excessive  oxygen  is  one  of  the  most  curi- 
ous facts  that  recent  years  have  brought  to  our  notice,  and  it  is  so 
clear,  so  marked,  that  it  can  be  no  longer  open  to  doubt, 

Od  the  other  band,  a  general  statement  that  without  oxygen  there 
can  be  no  life  would  be  quito  incorrect  Pasteur's  investigations  have 
shown  that  while  certain  microbes  can  live  only  with  air  and  oxygen, 
there  are  others,  which  he  has  called  "  anaerobic,"  that  thrive  best 
wheu  deprived  of  air.  It  is  so  with  the  micro-organisms  which  c 
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fermentation.  Tbey  produce  feniieutatioii  only  when  in  a  mediatn 
devoid  of  oxygen,  and  M.  Pasteur  was  folly  justitied  in  saying  that  fer- 
mentation is  a  consequence  of  life  without  air.  What,  tbeu,  occurs  in  a 
fermenting  medium  t  A  particular  kind  of  microbe  (each  kind  of  fer- 
mentation being  caused  by  a  special  microbe)  traii8[)orted  by  air  or  water, 
or  intentionally  introduceil,  has  been  living  in  that  medium  for  some 
timeontheoxygenthereincoutiiined.  After  atime,  the  free  oxygen  hav- 
ing been  consumed  by  the  microbe,  the  supply  is  practically  exhausted. 
Some  oxygen,  however,  is  left  iu  the  medium,  not  free,  but  in  combi- 
nation with  elements  of  the  latter;  and  the  microbe  has  the  power  of 
extracting  or  decombining  that  gns  and  of  applying  it  to  its  own  use. 
As  this  can  only  be  done  by  destroying  an  existing  chemical  combina- 
tion, the  elements  are  released  and,  in  the  process  of  disengagementr 
cause  the  characteristic  phenomena  of  I'ermentatiou.  Thus,  in  the  alco- 
holic fermentation  of  saccliariue  substances,  as  cane  or  grape  sugar,  the 
microbe  removes  from  the  sugar  a  portion  of  its  component  oxygen, 
thus  decomposing  it  into  free  carbonic  acid  and  alcohol.  This  is 
one  illustration  out  of  a  hnntlrcd  u-seless  to  enumerate.  All  experiments 
prove  that  wherever  fermentation  takes  place  a  microbe  is  present, 
which,  unable  to  find  its  requisite  supply  of  oxygen,  takes  it  from  the 
surrounding  substances  by  decomposing  them  and  changing  them  into 
new  compounds  containing  in  part  the  same  elements  as  the  original, 
but  difTei'ently  united.  Thus  those  microbes  that  are  apparently  most 
averse  to  the  contact  of  air,  the  auaerobies,  breathe  oxygen  like  all 
other  beings.  We  may  practically  conclude  that  life  is  not  impossible 
iu  the  absence  of  free  osygen,  and  at  the  same  time  we  may  assert  that 
wherever  there  is  life  there  is  some  means  by  which  the  living  being 
can  procure  its  supply  of  oxygen.  The  apparent  exception  in  the  case 
of  the  anaerobic  microbes  is  therefore  no  exi^eption. 

Between  the  essentially  anaerobic  microbes  and  those  that  are  aero- 
bic, that  require  free  oxygen,  there  are  of  course  all  the  stages  of 
transition  and  it  would  not  be  possible  here  to  enter  into  all  the  partic- 
ulars by  which  to  show  that  diftereuces  exist  only  in  degree,  A 
reminder  that  vegetable  cells,  by  reason  of  their  aptitude  to  cause 
alcoholic  fermentation,  for  instance,  are  both  aerobic  and  anaerobic 
will  siiffice.  "  Let  us  put  a  beet  iu  carbonic  acid,"  says  Mr.  l>uclaux, 
"we  shall  see  it  make  alcohol.  Let  ns  also  putcherries,  plums,  apples, 
any  kind  of  sweet  fruit,  whole  sacchariferous  plants,  again  their  sugar 
is  partly  turned  into  alcohol  and  carbonic  acid.  Under  these  novel 
conditions  of  life  they  in  nowise  differ  fi-om  yeast,  except  that  they  are 
less  able  to  endure  life  without  air,  that  they  do  not  carry  fermentation 
so  far,  and  that  life  ceases  before  a  complete  transformation  of  their 
sugar  is  accomplished.     But  these  are  mere  'egree."    We 

shall  be  less  surprised  at  these  differenc  ■.  discoveries 

of  Paul  Bert,  mentioned  above,  for  we  ioi  iial  tissues 

we  anaerobic.    Did  we  not  see  that  tiss  h*  Oxygen 

issolved  iu  the  serum  of  blood,  and  that  tl  Jitoga  f^om 
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that  giut  nnleas  they  tuke  it  from  the  vombtiiiitioii  of  oxygon  with  hem- 
oglobiot  Aiiaerobiairi  is  then  a  characteristic  of  animal  tissues  no  less 
than  of  certain  mienibes,  and  yet  none  of  them  can  dixpenae  witti  oxygen. 
There  is  no  life  witliout  oxygen;  yet,  no  life  with  too  mnch  oxygen. 
Such  ia  thit conclusion  that  has  been  establisheil  by  actual  iatts. 

Wo  shall  now  discuss  nitrogen.  As  may  bo  inferred  from  its  other 
name,  "azote,"  nitrogen  is  uri6t  for  the  Hustcnance  of  life,  and  any 
animal  or  plant  placed  in  nu  atinospliere  of  nitrogen  will  die  a  speedy 
death.  Not  that  this  gaa  is  iwisouous,  tor  we  inbale  it  in  large  quan- 
tities without  feeling  its  iniluence,  but  it  is  inert,  ineffective,  neither 
an  agent  in — nor  a  subject  for — combustion.  It  lins  no  share  in  respir- 
ation, and  it  would  seem  that  Its  only  functhtn  in  the  atmosphere  is  to  mit- 
igate the  action  of  oxygen.  Death  would  soon  follow  in  an  atmos])hei-e 
of  oxygen  alooe,  through  injury  to  the  lunga  and  poisoning  of  the  tis- 
sues, but  when  mixed  with  an  inert  gas  the  oxygen  iK'iietnitestheugan- 
ism  in  moderate  quantitiea  only.  Oxygen  is  temt>ered  by  nitrogen  in 
the  same  manner  as  the  alcohol  in  wine  is  tem[)ered  by  water.  That 
is,  to  be  sure,  a  very  useful  function,  but  of  a  negative  order.  And  yet 
what  else  can  be  expected  of  an  inert  gasf  If  however  some  account 
be  ti^fcen  of  the  chemical  ci>natitution  of  living  beings  and  of  the 
abmidr.nce  of  nitro^n  they  contain;  if  also  account  he  taken  of  the 
fact  that  four-fifths  of  the  atmosphere  consists  of  nitrogen  and  that 
animals  will  die  when  deprived  of  nitrogenous  food,  as  was  shown  by 
Magcndie,  it  would  seem  that  that  gas  must  perform  some  other  more 
imiwrtant  and  a^rtive  function.  Let  us  take  this  well-eatablished  lact 
for  a  starting  iwiiit:  Nitrogenous  tixtd  is  iudis[>ensab1e  to  maintain  life 
in  beings  of  the  higher  orders.  How  can  plants  which  directly  or 
iudirtMrtly  provide  the  nutriment  of  those  beings,  lay  up  a  supply  of 
nitrogen!  The  natural  answer  is,  they  take  it  from  tlie  atinoapbere. 
But  how ! 

That  <|ue»ti<m  is  one  that  has  engrossed  the  earnest  attention  of 
chemists  and  agriculturists,  and  in  France,  notably,  Itoussinganlt, 
Bertlielot,  Dehcrain,  and  <!eorge  V ille  have  devoted  considerable  time  to 
its  study.  They  ascertained  that  certain  plants  olitain  nitrogen  eithei 
in  the  form  of  nitrates  produced  by  cx>mbinatioii  of  the  nitric  acid  of  the 
air  with  substances  in  the  soil,  or  in  the  ftnin  of  ammoniacal  vapors 
But  M.  lierthelot  several  years  ago  ahowed  that  there  was  another 
factor  in  the  problem,  that  the  soil  dimbtlcss  contains  microbes  endowed 
with  the  power  of  so  tieating  the  nitrogen  of  air  tliat  it  canbe  assimi- 
lated by  plants.  This  theory  has  been  fully  conlinned  by  twoGeiraaD 
scientists,  Messrs.  Uellriegcl  and  Wilfarth,  wliuse  most  valuable  inves- 
tigations have  been  recently  published.  They  discovered  that  certain 
plants,  and  especially  leguminous  ones,  possesstheproi>erty  of  thriving 
in  soil  poor  in  nitrates,  and  of  taking  the  requisite  quantity  of  nitrogen 
from  the  air  l»y  means  of  .special  microbes  that  live  on  their  roots.  If 
the  microbes  are  destroyed,  the  growth  of  the  plant  will  be  stunted,  if 
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they  are  aided  in  reaching  Ibe  root>4  by  meatis  or  spriiiklinfr  with  vater 
ill  which  rich  earth  has  been  kept  for  a  few  boura,  the  plant  will  at 
once  prosper.  Better  still,  if  two  letcmiiinous  plants  are  put  in  sterilized 
soil,  and  if,  as  was  done  by  M.  BreaJ  of  the  Museum,  n  small  quantity 
of  the  liquid,  charged  with  microbes  tliat  Alls  the  nodes  of  any  thriving 
le^minous  plant,  be  injected  into  the  root  of  one  of  the  two  plants, 
it  tlonrislies  at  once,  whilst  the  other  that  was  not  inoculated  remaiits 
stunted.  There  is  noconlrovei-ting  thisdeuionstratinn.  The  luinrobes 
OD  tlie  roots  of  leguminous  plants  are  agents  through  which  plants 
assimilate  nitrogen.  A  now  study  is  open  to  agriculturists  and  there 
is  DO  doubt  that  other  facts  of  the  same  purport  will  be  discovered 
in  tbiti  unsuspected  Held  of  investigation.  In  our  present  discussioo 
we  need  only  know  that  atmospheric  nitrogen  is  retained  by  plants, 
and,  as  we  know  that  nitrogenous  food  is  necessary  to  higher  beiiif^ 
and  that  the  supply  of  such  food  caii  invariably  be  traced  back  to  plaut4«, 
we  may  conclude  that  the  nitrogen  of  air  is  an  indispensable  agent  in 
animal  as  well  as  vegetable  life.  Tliougb  an  inert,  and  at  tlist  glance 
useless  gas,  it  nevertheless  performs  au  essential  function  in  nutrition 
of  ail  beings.  Our  legitimateconclusionthereforeisthnt  without  nitro- 
gen there  can  be  no  food,  no  plants,  no  life.  It  is  proi>er  to  add  that 
plants  derive  nitrogen  not  exclusively  from  air,  for  nitrates  and  ammo- 
nia also  supply  some,  but  these  compounds  are  themselves  drawn  from 
atmospheric  nitrogen  and  our  proposition  remains  true. 

We  now  come  t<)  carbonic  a4rid.  That  gas,  as  we  know,  is  iu  th« 
highest  degree  a  noxious  element,  and  without  doubt  we  shall  find 
nothing  but  mischief  to  charge  to  its  account.  It  is  indeed  noxious, 
and  we  lose  no  time  in  expelling  it  from  oiu- organism;  it  is  irrespira- 
ble,  and  plants  as  well  as  animals  soou  die  when  placed  in  a  medium 
containing  even  a  comparatively  slight  pioportiou  of  it.  Even  1  per 
cent  of  carbonic  acid  in  air  causes  i>erceptible  disorders  to  life,  and 
when  there  is  10  ]ier  cent  lite  is  in  danger,  and  death  is  but  a  question 
of  time.  The  tissues  are  injured  by  blood  charged  with  carbonic  acid, 
and  when  we  breathe  au  atmosphere  rich  with  this  gas  the  blood  glob- 
■  ules  only  imperfectly  discharge  the  carbonic  acid  that  they  gathered 
from  the  tissues,  and  on  returning  to  these  tissues  the  blood  is  there- 
fore charged  with  that  gas  and  lacks  oxygen,  or,  in  other  words,  is 
quite  nntit  to  support  life.  The  reason  why  these  blood  globides  retain 
the  carbonic  acid  when  coming  in  contact  with  impure  atmosphere  is 
that  they  are  unable  to  throw  it  ofi'  unless  it.s  tension  in  the  atmosphere 
be  less  than  iu  the  globules.  >'ow,  .when  that  gas  is  su|H;rabundaQt 
in  the  atmosphere,  its  tension  is  greater  there  than  in  the  globules, 
and,  in  the  absence  of  any  cause  inciting  separation  fn)m  the  globules, 
the  gas  is  retained  and  suffocates  the  animal  by  killing  its  tissues. 
Before  producing  death  there  is  a  de<nded  amestliesia  wliich  Bichat 
fully  proved  by  experiments,  iu  which  he  injected  into  the  carotid 
and  nervous  centers  of  an  animal,  venous  blood  charged  with  carbonic 
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acid  aud  taken  from  auother  auiiiial  of  the  Hame  Bpecie».  It  also  pro- 
duces insensibility  when  locally  applied  to  the  Bkiii,a  form  of  auses- 
thesia  tbut  lias  been  long  known  and  frequently  utilized.  Indeed, 
Pliny  tella  us,  in  liia  Xatural  Biatory,  that  marble  and  vinegar  benumb 
the  parts  to  which  they  are  applied,  ao  that  these  may  be  cut  or  cau- 
terized without  causing  pain.  In  this  case  the  anipathetizing  agent  is 
the  carbonic  acid  set  free  by  the  action  of  the  acetic  acid  of  the  vinegar 
on  the  carbonate  of  lime. 

When  carbonic  acid  acts  upon  the  entire  organism,  instead  of  on  a 
portion  of  it,  as  when  inhaled  into  the  lungs,  it  brings  about  a  general 
anicsthesia  which  has  been  investigated  by  several  scientists.  One  of 
these,  M.  Ozanam,  was  so  well  pleased  with  the  result  that  he  did  not 
hesitate  to  recommend  that  carbonic  acid  be  used  for  an  aniesthetic 
instead  of  ether  or  chloroform.  So  far  as  we  know  his  advice  has  not 
been  followed  and  it  is  unlikely  that  surgeons  will  ever  avail  themselves 
of  so  dangerous  an  agent.  Yet  a  number  of  casesarekoown  where  men 
were  thoroughly  infecteil  with  carbonic  acid  without  suffering  death. 
In  all  such  cases,  there  has  been  complete  anesthesia,  before  which, 
as  reported  by  some  of  the  patients,  they  passed  through  a  most  enchant- 
ing at^ge,  when  they  fancied  themselves  in  the  midst  of  enrapturing 
music  and  refulgent  light.  But  this  stage  is  soon  followed  by  absolute 
loss  of  cousciousnessj  and  if  the  poisonous  agent  continues  to  pervade 
the  blood  or  fails  to  separate  from  it,  everlasting  slei'p  is  the  result. 
Accidental  deaths  caused  by  carbonic  acid  are  not  rare,  and  have 
been  noted  wherever  alcoholic  fermentation  tnns  its  course  as  in  brew- 
eries and  wine  vaults,  and  where  there  is  a  natural  or  artificial  emis- 
sion of  carbonic  acid  gas  as  in  caves  or  in  close  or  poorly  ventilated 
rooms  crowded  with  men  or  animals.  The  air  in  public  balls  becomes 
rapidly  vitiated.  As  much  as  10  jiarts  of  carbonic  acid  per  thousand 
have  been  found  in  tlieaters,  in  schoolrooms,  and  in  lecture-halls,  and 
in  a  crowded  stable  on  the  Alps  the  proportion  was  as  great  as  21  parts 
of  carbonic  acid  in  1  (KMl  jiarts  of  air.  Atmospheres  of  this  description 
are  [wisonous,  as  has  been  proved.  Thus,  during  the  war  in  India,  146 
prisoners  were  confined  in  a  small  room  at  8  o'clock  in  the  evening.  . 
At  2  in  the  morning  only  50  were  living,  and  at  duybrejik  tliere 
remained  only  23,  and  thesewi^re  ina  dyingcondition.  In  like  manner, 
ou  r  the  battle  of 

Ai  ;w  hours.     A 

sit  aid,  when  the 

jui  ugh  the  same 

ag  other  poison, 

w)  >ni  the  lungs, 

wi  be  conceded 

th  ^in  although 

it  by  carbonic 

ac  are  killed  by 

go  ^         in  neighbor- 
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when  man  rises  in  a  balloon  or  climbs  mountains,  or  betakes  himself 
to  places  wliero  tbe  pressure  is  naturally  or  artificially  great,  b« 
experiences  certain  effects  wliicb  deserve  some  mention.  Animals 
as  well  »H  men  are  sensitive  to  barometric  variations,  as  may  be  easily 
Terified  by  observation  and  experiment.  It  is  not  always  essential  to 
carry  animals  np  in  the  air,  or  to  take  them  down  in  diving  bells  that  we 
D]ay  observe  the  manner  in  which  they  are  affe<;ted  by  an  inci'ease  or 
decrease  of  pressure,  for  the  experimenter  will  also  expeiieuce  the 
same  effects,  the  nature  of  which  is  such  as  to  make  the  experiuieot 
BD)>ert]uous;  investigation  may  be  conducted  in  the  laboratory  where, 
by  means  of  special  apparatus,  it  is  x>o3S'ble  to  lessen  the  pres- 
sure of  air  to  any  desired  degree,  or  again  to  enhance  it  to  poiuts 
which  startle  imagination,  to  such  points  that  the  air  is  liquefied,  even 
solidified.  With  proper  apparatus  we  can  at  will  obtain  a  virtually 
absolute  vacuum,  or  pressures  of  from  800  to  1,000  atmospheres;  and 
thus  have  no  dillieulty  in  ascertaining  the  influence  of  atmospheric 
pressure  on  animate  life,  and  in  confirming  the  conclusions  drawn  from 
tin;  Viihiablc  researi-hes  made  in  this  field  by  Jourdanet,  Paul  Bert,  and 
othern, 

A  circumstance  that  should  be  noted  fi-om  the  very  outset  is  that  all 
beings,  whether  on  land  or  in  water,  can  stand  without  evil  conse- 
quences certain  variations  in  atmospheric  pressure.  Man,  foi'  instance, 
may  work  underground  at  a  depth  of  1  kilometer  without  suffering 
inconvenience  from  the  increased  pressure,  and  may  rise  to  altitudes  of 
C  or  6  kilometers  in  tlie  air  without  fiital  results  from  decreased  pres- . 
sure.  The  same  is  true  for  birds  and  most  mammals,  and  on  the  other 
hand  fish  that  live  in  great  depths  can  rise  to  a  certain  level  without  en- 
dangering life  by  lessened  pressure,  without  bursting  as  they  do  when 
they  rise  too  near  the  surface.  But  it  is  none  the  less  certain  that  in 
variations  of  pressure  there  arc  limits  beyond  which  no  living  beings  can 
safely  go,  mid  that  outside  of  such  limits,  which  vary  somewhat  accord- 
ing to  species  or  groups,  all  beings  die  when  the  pressure  is  increased  or 
decreased.  What  is  the  process  of  death  in  both  casesT  That  is  the 
question  that  confronts  us.  Let  ns  first  consider  the  case  of  decreased 
pressure:  what  are  the  symptoms  exhibited!  Four  hundred  years  ago 
the  Jesuit  missionary.  Acostii,  gave  us  an  excellent  account  of  the 
effects  attending  the  ascent  of  high  mountains,  and  consequently  the 
eflcct  of  rarefaction  of  air  and  decrcase<i  pressure.  "  While  climbing  a 
mountain  in  Peru,"  says  he,  "  I  was  suddenly  sei/.ed  and  surprised  by 
a  distemper  so  deathly  and  so  strange  that  I  well  nigh  dropped  from 
my  saddle  to  the  g:ound.  -  -  -  Happening  then  to  be  alone  with 
an  Indian,  whom  I  begged  to  assist  me  in  kcepingastrideof  my  horse, 
1  was  taken  with  such  a  paroxysm  of  sobbing  and  vomiting  that  I 
thiiught  I  would  surely  die.  -  -  ■  It  only  lasted  for  three  or  four 
hours  until  we  reached  a  much  lower  region.  ■  ■  -  And  these 
injurious  effects  are  felt  not  only  by  men,  but  also  by  beasts."    -    •    . 

r  ■,:;;.  ..Google 
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And  further:  "  [  am  invliiie<l  to  believe  tbnt  tlie  air  in  that  refrion  is 
so  subtle  and  delicate  that  it  is  not  adapted  for  Iminau  hreatliing  which 
requires  it  to  be  c-oarser  and  more  temperate."  The  correctness  of 
these  last  wonls,  uttered  three  hundred  yeari^  before  the  time  of 
Priestley  and  Lavoisier,  is  striking.  The  air  at  high  elevations  is 
indeed  too  rare,  too  subtle  for  8u|>enor  beings  to  bn;atbe.  The  dis- 
temper describetl  by  Acosta  is  that  which,  in  different  localities,  is  called 
puna,  soroche,  rrta,  mountain  or  halhion  sicknesis.  More  recent  descrip- 
tions of  it  have  been  given  by  Tschudi,  Ixirtet,  and  many  others;  all 
have  observe^l  the  dizziness,  the  vomiting,  the  anxiety,  the  fahiting  by 
which  it  is  characterized.  Certain  experiments  by  Lortet  and  by  Ohau- 
veaa  and  others  have  shown  that  respiration  is  abated  and  at  tliu  same 
time  quickened.  There  have  been  noted  intense  muscular  pain,  and 
cireulatory  and  nervoug  disorders  which  end  in  paralysis  and  death,  i^ 
as  hapi^ned  in  the  disaster  of  the  "Zenith,"  these  disorders  occur 
simultaneously  for  some  time. 

Without  de--<crihing  the  opinions  held  at  various  times  in  regard  t« 
the  cause  of  these  dreadful  accidents,  we  shall  confine  ourselves  to 
recalling  the  explanation  i-eccntly  given  by  Paul  Bert  and  other  physi- 
ologists. It  is  a  very  simple  one;  the  deadly  disorders  are  brought 
about  by  a  diminution  of  the  tension  of  oxygen,  the  diniinntion  grow- 
ing out  of  tho  relative  rarefa<-tion  of  that  gas,  the  air  being  more  rari- 
fled,  m.ore  dilated,  as  it  were,  in  elevated  than  in  intermediate  regions. 
In  truth,  Paul  Bert's  researches  show  that  in  these  cases  the  diroination 
of  pressure  kills  <n'pinisnis  not  by  its  mechanical  effect,  but  by  a  chem- 
ical cffe<rt,  by  the  scai-city  of  oxygen,  by  iiroducing  aniixghetnia,  or 
deficiency  of  oNygi-u  in  the  bloml.  An  aninml  immersed  in  a  rarifled 
atmosphere  dies  from  tlie  same  cau.se  as  an  animal  breathing  in  a  close 
non  ventilated  spai-e;  both  die  for  lack  of  oxygen.  In  the  c:ise  of  fish 
living  in  great  depths,  when  they  come  too  near  the  surt'a<-e  the  gases 
which  exists  in  their  bodies  in  a  state  of  )x>WL>rfuI  tension  easily  burst 
the  tissues  asnnder  as  soon  as  the  exterior  pressure  becomes  notably 
less  than  the  interior,  Tiiis  same  thing  sometimes  happens  to  man,  as 
we  shall  see  presently. 

The  case  we  have  just  examine<l  is  that  of  an  animal,  or  nmn,  passing 
graduallyfroma  low  or  intermediate  level  toa  very  high  one.  We  have 
now  to  consider  another  case,  that  in  which  the  transition  from  a 
normal  or  high  jiressure  to  a  low  one  takes  place  suddenly.  Instances 
tif  this  occur  when  a  man  working  under  a  pressino  of  3  or  4  atmos- 
pheres in  tliecai.<ison  ofa  bridge  pier  suddenly  returns  to  the  surface;  or 
when  a<liveris  tiiohasty  incomingoutof  the  water,  or  when  an  ;eronauL 
is  aceidentally  lifte*!  to  high  elevations  by  a  balloon  overcharged  with 
gas.  In  cases  when  pi-essnre  is  rapidlj'  diminished  death  is  known  to 
supervene  in  a  very  short  time.  An  animal  placed  in  a  betl  glass  in 
which  the  pressui-e,  normal  at  first,  is  suddenly  lowered  by  means  of  a 
few  strokes  of  the  iiirpnmp,  will  be  prostrated  and  die  forthwith, 
although  the  final  pressure  may  not  be  at  all  incompatible  with  life,  if 
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the  diminution  be  brought  on  by  degrees.  Wft  see  liere  some  difference 
between  tbe  pheDomeiia  presented  and  tliose  which  oc(.-ar  in  the  case  of 
gradaal  retluction  of  pressure,  a  diff'ereuce  wUicli  is  explained  when  we 
examine  the  bo<lies  of  the  victims  by  the  fact  that  there  are  fbnnd 
under  the  skin,  in  the  tissues  and  in  the  vessels,  free  gases,  a  condi- 
tion that  never  oceurs  normally.  Tlie  cause  of  deatli  is  revealed  by 
these  gases.  Blood  and  all  the  tissues  constantly  contain,  as  we  know, 
gaflea  aueh  a.s  oxygen,  nitrogen,  etc.,  that  are  either  free  or  combined 
with  the  globules,  and  in  proi>ortioiis  which  vary  with  the  external 
pre>isurc;  that  is,  acconling  to  the  degree  of  tensiou  of  the  same  gitses 
in  the  atmosphere.  If  the  barometric  pressure  gradually  decreases, 
the  tension  of  the  gases  in  the  organism  decreases  in  the  same  mauuer. 
The  gases  gradually  pass  from  the  blood  iuto  the  atmosphere  without 
causing  any  disorder.  But  if  the  rarefaction  is  sudden,  this  gntdaal 
operatiou  can  not  be  accomplished,  and  the  result  is  that  the  gases  in 
the  blood  and  tissues,  being  in  contact  with  an  atmosphere  in  which 
the  pressure  is  much  less  than  in  the  blood,  are  suddenly  released  in 
the  sha|>e  of  bubbles  and  the  circalation  is  paralyzed.  To  avoid  acci- 
dents of  this  kind  men  working  in  compressed  air  are  always  cautioned 
against  a  too  sudden  return  to  the  open  air.  They  have  little  to  fear 
from  the  compressed  air;  all  the  danger  lies  in  the  removal  of  this  com- 
pression. "  We  pay  as  we  go  out,"  as  they  put  it  in  their  picturesque 
language. 

So  much  for  a  decrease  of  pressure,  whether  rapid  or  slow.  In  the 
case  of  slow  depression  the  harm  is  done  by  a  deficiency  of  oxygen,  by 
auoxybemia.  and  it  is  for  this  resisou  that  aeronauts  take  oxygen  along, 
BO  as  to  connt«ract  the  rarity  of  the  atmosphereat  great  heights.  Inthe 
case  of  rapid  depression,  whether  the  transition  be  Irom  a  high  to  an 
intermediate  or  normal  pressure,  or  from  an  intermediate  to  a  low 
pressure,  the  trouble  arises  from  another  cause,  of  a  uiechanical  nature, 
ft'oni  the  swift  release  of  the  gases  contained  in  the  tissues,  and  espe- 
cially in  the  blood,  thereby  pn>ducing  a  stoppage  of  the  circula- 
tion. The  presence  of  fi-ee  air  or  of  any  other  gas  in  the  vessels  is 
known  to  <[uickly  produce  pamiysis  of  the  heart.  Whenever  the  sud- 
den change  of  pressure  is  fioui  high  to  intermediate,  anoxyheuiia  does 
not  intervene  and  the  mechanical  causi^  prevails.  If  the  intermediate 
pressure  changes  to  a  low  pressure,  auoxybemia  takes  place  if  the 
change  is  slow.  Both  annxyhemia  and  disengagement  of  gases  occur 
if  the  change  is  sudden. 

Jjet  us  now  consider  the  eases  in  which  the  pressure  is  increased 
That  which  takes  place  in  the  depths  of  mines  need  not  be  discussed, 
for  the  increase  is  insignificant,  and  its  physiological  eRects  may  be  left 
out  of  account.  The  intlnence  of  an  increased  pressure  is  best  studied 
as  aB'ectltig  divers,  for  instaiu^e,  and  men  engage4l  In  .linking  bridge 
'ers.  These  men  work  in  a  medium  wliere  the  bai-onietric  pressure  is 
\  much  h'"'""'  *'>-in  In  the  deeiR'st  mines,  for  the  i-eivs<m  that  the 
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presflure  of  water,  whicli  is  mucli  (lender  than  air,  must  be  offset  by  a 
considerable  compression  of  air,  equal  to  3  or  4  atmosplieres.  When 
that  coinprension  is  moderate  the  disorders  are  Kligbt,  and  are  confined 
to  a  buzzing  sensation  in  the  ears,  bleeding  of  tlio  nose,  and  benumbing 
of  tlie  limbs;  but  breathing  bet-omes  slower  and  the  pnlso  more  lag- 
gard. In  some  canes  tlie  nervous  system  exhibits  abnormal  excite- 
ment, similar  to  that  produced  by  intoxication.  It  is  quite  natural  to 
infer  that  these  accidents  are  the  result  of  an  increase  in  the  tension 
of  carbonic  acid  and  indeed  that  gas  does  produce  the  mischief  so 
long  as  the  compression  does  not  go  beyond  certain  limits,  for  it  accu- 
mulates in  tlie  organisn>,  and,  as  a  natural  consequence,  suffocates  and 
poisons  it.  But  if  heavy  pressures  are  bronglit  into  play,  as  wiis  done 
by  Paul  Bert,  a  very  uncommon  and  quite  different  resalt  is  reached. 
That  lamented  physiologist,  laboring  under  the  Impression  that  be 
would  retard  the  fatal  effect  of  compression,  charged  the  air  with  a 
large  proiwrtion  of  oxygen  for  the  purxmse  of  combatting  the  poisonous 
action  of  carbonic  acid,  and  was  not  a  little  surprised  to  find  that  his 
HftcmptH  only  resulted  in  precipitating  the  catastrophe.  By  analyzing 
the  ])henonifna  he  found  that  under  considerable  pressure,  over  6 
atmospheres,  the  oxygen  of  air,  by  acquiring  a  very  strong  tension, 
becomes  a  poison  in  the  same  manner  as  it  does  for  an  animal  breath- 
ing under  normal  pressure  in  a  nie<lium  abounding  in  that  gas.  And 
the  evidence  of  the  injurious  effects  of  oxygen  is  furnished  by  the  fact 
that  an  animal  (ran  easily  stand  a  pressure  of  20  atmospheres  if  the  air 
IS  poor  ill  oxygen,  if  that  gas.  being  more  rare,  attains  a  tension  but 
little  higher  than  that  which  it  |)ossesses  in  the  normal  air  under  ordi- 
nary pressure.  When  under  excessive  tension,  or  in  too  great  abun- 
dance, which  amounts  U>  the  same  thing,  oxygen  always  proves  to  be  a 
poison  of  the  most  dangerous  kind,  and  it  is  for  this  reason  that  ani- 
mals anil  men  die  in  a  normal  atmospheric  medium  so  soon  as  the  pres- 
sure increases  beyond  certain  limits.  Whether  the  compression  be 
swift  or  slow,  it  is  the  excess  of  oxygen  that  is  fatal.  If  we  leave  out 
of  consideration  all  cases  in  which  the  changes  of  pressure  are  iiipid, 
and  in  which,  as  when  the  pressure  is  suddenly  lessened,  a  purely 
meehauical  agent  intervenes,  we  shall  generally  find  that  the  action  of 
gradual  variations  is  not  of  a  physical  nature,  but  exclusively  a  chem- 
ical one,  induced  by  putting  the  organism  in  contact  with  air  that  is 
either  too  rich  or  too  jioor  in  oxygen. 

It  is  proper  to  add  that  habit.,  here  as  elsewhere,  plays  an  important 
part.'  For  inshince,  Indians  and  animals  in  the  Cordilleras  are  proof 
against  the  mnuntain  sickness  that  attacks  travellers,  and  animiils  living 
in  great  depths  undergo  pressures  that  no  being  on  land  or  in  shallow 

'Recent  inveati^atione  conducted  liy  MehsfH.  Hilntz  nnil  RegDard  have  proveil 
that  when  carried  to  elevated  rugions  or  subjected  fjr  dome  time  to  experiuientai 
rarefaction,  a  person  acquiren  tlie  power  of  absorbint;  larger  qiiantitieH  of  oxygen. 
Thii  explains  the  beneOcial  etl'ectof  n  s<iiourn  in  the  mountains. 
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waterft  coald  Rtniul.  Tbin  however  adds  no  oew  pba^e  tn  tbe  question. 
There  are  for  all,  without  ex<'e|itiiiii,  certain  iiicreasea  or  decreases  of 
pressure  that  prove  fatal,  and  from  a  general  standpoint  there  is  do 
importance  in  the  fact  thattheiradaptationsare  different,  for  the  differ- 
ences are  in  degree,  not  in  kind,  and  tbe  nature  of  the  phenomena 
remains  unchanged. 

We  are  then  justifieil  in  saying  that  while  the  influence  exerted  by 
variations  of  pressure  over  animate  life  is  apparently  mechanical  it  is 
actually  a  chemical  one.  Does  this  also  apply  to  the  action  of  atmos- 
pheric movements!  If  we  leave  out  of  oonsideratiou  the  effect  on  the 
chemical  composition  of  air  had  by  the  winds  and  other  atmospheric 
motions  in  promoting  a  diffusion  of  such  gases  as  are  pn>duced  in  abaiid- 
ance  at  various  places,  together  with  the  regulating  action  of  the  oceao, 
we  shall  satisfy  ourselves  that  the  inflnencc  of  these  movements  is  purely 
physical.  Loolcing  at  this  (luestion  from  the  particular  iwint  of  view 
of  this  discussion,  these  movements  must  be  considered  ns  regulators  of 
temperature  and  as  propagators  of  certain  forms  of  life.  Ttiey  must  of 
necessity  be  the  former,  since  winds  are  chiefly  caused  by  unequal  heat- 
ing of  the  gi-ound  and  air  in  different  places,  and,  if  there  were  no  wind, 
the  temperature  would  soon  hei^ome  uubearable  and  noxious  to  life. 
Without  winds,  the  water  from  the  ocean  woulrl  not  be  canned  overland 
by  the  clouds,  and  gi'cat  droughts  would  follow.  Without  winds,  air 
vitiate«l  by  local  causes  would  remain  iu  that  condition;  impure  ga^es 
from  natural  or  artificial  sources  would  disperse  hot  slowly.  Wind  is 
the  cleaner,  the  sweeper  of  the  air;  it  drives  it,  stirs  it,  mixes  it,  trans- 
ports it  over  every  land  and  every  sea,  and  insures  a  general  distributiou 
in  the  whole  atmosphere  of  such  elements  as  are  produced  iu  super- 
abundance at  any  one  point.  It  maintains  the  purity  of  the  atmosphere, 
or  at  least  its  homogeneous  com[>ositioii,  and  aids  ii>  preventing  exces- 
sive inequality  of  temperature. 

Atmospheric  movements  also  assist  iu  regulating  the  individual  tem- 
peratui-e  of  men  and  homeothermic  animals.  Wind  keeps  air  from 
becoming  saturated  with  moisture.  We  all  know  how  oppressive  heat 
is  in  a  warm  and  moist  atmosphere  when  perspiration  is  not  easily  evap- 
orated, a;id  on  the  other  hand,  absolutely  dry  air  is  not  without  its  incon- 
veniences and  irritates  the  lungs.  By  distributing  in  every  part  of  the 
atmosphere  the  moisture  which  is  plentifully  produce*!  iu  some  of  its 
parts,  wind  does  living  beiugs  a  great  service.  It  is  also  usefiil  in  pro- 
moting the  disi)ersion  of  a  number  of  insects  and  vegetables,  which  it 
carries  afar,  Iieyond  tbe  sea,  to  distant  islands  and  continents.  Bat  it 
also  is  objectionable,  in  that  it  scatters  at  tbe  same  time  the  pathogenic 
microbes  and  spreads  diseiises  of  which  they  are  tbe  cause.  I  shall  not 
now  dwell  on  this  point,  for  it  will  claim  our  attention  later.  It  is 
enough  now  to  note  the  simultaneous  influence  for  good  and  evil  which 
is  exercised  by  atmospheric  movements,  the  nature  of  such  influence 
being  entirely  due  to  that  of  the  ol>jects  transported  by  them. 
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IV.— SECONDARY   INGREDIEUTS  OF  THE  ATMOSPHERE. 

We  hwrve  now  examioed  the  relationship  of  animate  life  with  the 
cheDiical  coiupositioD  of  air,  with  its  pressure  and  its  movements.  It 
remains  for  us  to  coDsider  the  relationship  with  air  contents.  There 
are  many  accidental,  secondary,  inconstant  elements  in  air.  Some  are 
gafieou8,of  natural  or  artificial  origin, such  as  ciirbonic  oxide,  carbnretted 
hydrogen,  and  hundreds  of  others.  Weshallsay  nothing  of  these  here, 
for  aft«r  all  every  substance  known  in  chemistry  may,  according  to 
locality  and  circumstances,  be  found  in  air,  and  their  presence  is  always 
accidental.  Those  of  which  we  propose  to  speak  sue  regular  although 
unessential  elements  of  air.  Among  these  we  shall  csi)ecially  exam- 
ine vaporized  water  oi*  moisture  and  certain  solid  substances,  animate 
and  inanimate,  not  mentioning  for  the  pre.«ent  pulverized  minerals  cast 
forth  by  volcanoes,  produced  by  industries,  or  drawn  from  the  earth. 

Moisture  m  at  all  times  ilisseminated  throug^h  tlie  atmosphere  iu  the 
shape  of  clouds  or  fogs  aud  also  in  the  form  of  invisible  vapor.  It  is 
concerning  the  latter  that  we  propose  especially  t«  speak.  It  has  a 
dual  origin.  One  part  is  supplied  through  evaporation  by  the  water 
contained  in  the  seas,  the  rivers,  and  the  ground.  This  evaporation  is 
determined  by  both  the  temperature  of  the  air  and  the  quantity  of 
moisture  already  contained  in  it.  Another  part  comes  from  living 
beings,  from  transpiration  through  the  pulmonary  and  cutaneous  sur- 
faces of  animals  and  from  evaporation  normally  going  on  from  the 
leaves  of  plants.  This  production  of  watery  vapor  by  living  beings  is 
very  variable  and  is  considerably  modified  by  external  conditions.  An 
animal  or  man  breathing  in  very  dry  air  will  produce  a  much  greater 
quautityof  vapor,  for  the  breath  when  exhaled  is  saturated  with  it;  but 
if  very  moist  air  be  inhaled  the  production  is  very  small  and  merely 
restores  to  the  atmospiiere  the  moisture  taken  from  it.  All  mankind 
produces  about  15,000,(100,(100  kilograms  of  wator  in  twenty-four  hours, 
but  this  is  much  more  a  restitution  than  a  creation.  In  like  manner 
])lants  add  but  little  to  the  supply  of  moisture  in  the  air  if  it  already 
abounds;  but  in  dry  air  they  emit  enormous  quantities.  It  has  been 
possible  to  estimate,  for  instance,  that  a  gi-ove  of  500  full-grown,  healthy 
trees  emits  nearly  4,000  tons  of  moisture  in  twelve  hours  of  daylight. 
Vegetal  transpiration  is  less  by  night  and  barely  eijuals  one-fifth  of  the 
evaporation  by  day.  This  single  illustnition  will  suffice  to  show  how 
great  is  the  production  of  moisture  by  vegetation.  Now,  if  one  stops  to 
consider  that  iu  the  United  States,  for  instance,  the  surface  area  of 
foliage  is,  according  to  Mr.  J.  M.  Anders,  at  least  four  times  as  great 
as  that  of  the  land,  one  will  realize  how  important  a  part  is  filled  by 
vegetation  in  connection  with  the  question  we  are  now  studying,  and 
will  not  wonder  that  certain  physicists  have  estimated  the  quantity  of 
water  in  the  form  of  vapor  contained  in  the  atmosphere  at  72  thousand 
billions  of  tons  or  cubic  meters. 

This  moisture  which  iu  diffused  in  air  in  greatly  variable  proportions, 
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depending  on  locality,  time,  and  many  other  conditiona  wliicb  I  shall 
not  eunmerate,  is  of  considerable  iniportaDce  with  regard  bi  life.  Air, 
when  too  dry,  iri  tales  the  respiratory  organs;  when  too  moiHt  it  imx>e4le8 
tranHpiratioii,  or  rather  checks  its  beneficent  effects.  VaiMirized  moist- 
ure iierforms  still  another  function  of  greater  importance.  It  iuter- 
poses  between  the  grouod  and  the  sky  a  beneficent  screen  which  duriug 
the  day  mitigates  the  siin's  heat  by  absorbing  a  jwrtion  of  the  rays 
au4l  prevents  it  from  scorebing  the  gronnd  and  vegetation;  and  at 
uight,  inversely,  it  precludes  excessive  cooling  by  ratliation.  In  fiuet 
moisture  allows  the  luminous  rays  of  heat  to  pass,  but  absorbs  a  gr'.>at 
portion  of  the  dark  rays,  whether  they  come  from  the  sun,  the  eartb, 
or  any  other  source.  The  experiments  of  Tyndall,  and  especially  of 
Poaillet,  have  proved  that  air,  through  the  medium  of  its  moisture, 
absorbs  nearly  one-fourtli  of  the  solar  heat,  and  allows  only  thive- 
fourths  of  it  to  reach  the  earth.  If  it  were  not  for  this  screen,  this 
striiiner,  our  summer  days  would  be  at  tlie  same  time  mucli  warmer 
and  much  colder,  as  is  the  tem])erature  on  high  peaks  or  that  which 
is  encountered  at  high  altitudes  in  balloon  ascensions.  For  the  higher 
the  altitude  the  thinner  the  layer  of  va^mrized  water  lying  between 
the  sun  and  the  observer,  and  under  such  circumstances  the  snu  is 
scorching.  Its  rays,  meeting  less  obstruction,  overheat  everytbitig, 
aud  on  the  other  hand  the  surrounding  air  is  extremely  cold,  since  it 
contains  but  little  moisture  aud  absorbs  veiy  little  heat.  So  that  if 
there  were  uo  moisture,  our  summer  days  would  be  torrid  and  at  the 
same  time  iey  cold;  we  would  be  scorched  by  the  sun,  but  the  air 
would  remain  cold,  and  in  the  shade  very  low  temperatures  would  be 
occasioned  by  the  great  radiation. 

At  night  moisture  moderates  radiation.  The  earth,  heated  during  the 
day,  tends  during  the  night  to  relin<{uish  that  heat  and  to  return  it  to 
the  inteq)lanetary  spat^es.  This  radiation  is' considerable  when  the 
sky  is  very  clear  and  the  weather  very  dry;  a  clear  night  is  colder 
than  a  cloudy  one;  it  is  colder  on  summits  having  but  a  thin  layer  of 
atmosphere  and  vajwrized  water  above  than  in  low  lands,  over  which 
is  spread  a  thicker  atmospheric  layer.  Kadiation  is  a  phenomenon  that 
can  not  be  avoided  cousidering  that  the  temperature  prevailing  in 
celestial  space  is  infinitely  low,  probably  less  than  100^  below  zero;  but 
it  increases  as  the  air  bec^)nies  drier,  and  (contains  less  moisture  by 
which  the  dark  heat  rays  emitted  by  the  earth  can  be  absorbed.  In 
the  absence  of  moisture,  the  sun  would  no  sooner  set  than  considerable 
refrigeratiou  would  take  place,  as  it  does  on  high  mountains,  on  elevated 
table-lands,  in  Thibet  for  instance,  or  even  in  deserts  hke  Sahara,  where 
the  atmosphere  is  very  dry;  and  such  refrigeratiou  would  prove  very 
injurious  and  even  fatal  to  many  animals  and  plants.  Moisture,  there- 
fore, mitigates  the  heat  of  day  and  the  cold  of  night;  it  establishes  some 
Dniforniity  where  extremes  nnfavorable  to  life  would  otherwise  alter- 
nate. Let  us  also  {Kiintto  the  part  it  fills  in  preventing  total  darkness 
during  the  night  by  receiving  light  iu  altitudes  which  the  solar  rays 
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still  peuetnite  after  tbe  orb  lias  left  iis.  It  may  be  said  that  maDy  forma 
of  ftiiimal  and  vegetable  life  would  disappear  but  for  tbe  vaporized 
water  iu  the  air;  this  will  be  enough  to  convey  an  idea  of  its  iinjMirtaDce. 
The  action  of  the  numerous  solid  substances  found  iu  the  atuios- 
pherc  is  as  varied  as  their  nature.     Physically  pure  air  is,  in  fact,  a 

-  myth,  and  can  only  be  obtained  in  laboratories  by  using  certain  pre- 
cautions. Rveii  !it  the  highest  altitudes  in  which  tbe  number  of  mr- 
microbes  is  small  ami  where  they  are  in  most  caries  actually  absent,  as 
are  also  vegetable  or  animal  particles,  there  are  always  to  be  found 
mineral  dusts,  very  finely  pulverized,  to  be  sure,  some  of  which  comes 
from  tlie  aslica  ejected  by  volcanoes  or  from  tiie  soil  itself,  and  some 
from  the  inflidlesiinal  fraf^meiits  of  iverolitcs  that  have  crossed  our 
atmosphere.  We  can  easily  perceive  these  dusts  with  the  naked  eye 
OD  looking  at  a  ray  of  the  sun  when  it  strikes  across  a  r(K>m.  But  if  we 
wish  to  thoroughly  aualyse  them,  we  must  resort  to  the  microscope 
and  tbe  aeroscope.  We  shall  then  find  the  most  diverse  elements; 
desiccated  aiiimalcnt>e,  worms,  rotifers,  etc.,  vibrioues,  infusoria,  frag- 
ments of  insects,  of  wool,  scales  from  butterflies' wings,  hairs,  tieathers, 

.  vegetable  iibers,  mushroom  spores,  particles  of  pollen,  of  flour,  of 
dust  from  the  soil,  and  fiually  microbes.  But  little  interest  attaches  to 
m:iny  of  these  fragments  considered  from  the  present  standpoint, 
although  it  is  an  interesting  fact  to  know  that  pulverized  matter  of 
volcanic  origin,  like  that  which  was  recently  cast  off  by  Krakutoa,cau 
remain  for  years  floating  in  the  air  at  very  high  altitudes  and,  by  the 
action  of  the  winds,  move  around  the  earth  and  produce  the  lumiuoas 
phenomena  of  so  great  interest  that  have  been  noticetl  by  the  physi- 
cists of  every  cimntry  and  that  we  all  saw  for  ourselves  a  few  years 
ago.  With  rcgnrd  to  life,  a  matter  of  interest  is  the  presence  of  grains 
of  pollen  which  being  carried  to  great  distancesbytlie  wind  may  event- 
ually fecundate  flowers  of  the  same  s|>ecies;  the  presence  of  tlie  spores 
of  cryptograms  whi<th  promote  tbe  dispersion  of  that  group;  again, 
the  presence  of  numerous  seeds  so  constructed  as  to  be  easily  trans- 
ported by  air,  thus  pnnnoting  their  dissemination.  These  seeds  are 
very  light  and  providwl  with  appendices  that  enable  them  to  float  in 
air  for  a  long  time  and  to  travel  over  immense  distances,  and  linally  to 
be  sown  far  away  and  thus  expand  the  domain  and  habitat  of  the 
spe<aes  from  which  they  sprang.  Instances  of  this  kind  are  plentiful 
and  it  were  idle  to  attempt  a  longer  recital.  Another  matter  of  inter- 
est is  the  presence  of  microbes.  Many  among  them  are  innocuous,  but 
there  are  also  some  that  are  deiidly.  Cast  off  into  the  air  by  patients 
affected  by  tuberculosis,  smallpox,  scarlet  fever,  measles,  diphtheria, 
or  any  microbian  disease,  taken  from  the  ground  on  which  contami- 
nated matter  has  lieen  thrown,  tlu'se  microbes  are  lifted  anil  transported 
by  tbe  air  and  scatti!re<l  in  e\ery  direction,  near  and  far,  in  a  trail  of 
death.  They  are  particularly  numerous  iu  inhabited  places,  AtMont- 
souris,  M.  Miquel  found  from  30  to  770  per  cubic  meter,  according  to 
wind,  season,  etc.,  5,500  in  the  Bue  de  UivoU,  from  40  to  80,000  in  hos-' 
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((jtJil  Wtirdn,  wliJUt  at  T.OlriP  tan*r*  ai^ir*  dl«  «ta  mh 
from  litiul  riorif-  »t  all  an-  r<>iiii>i.    Tbeae  ftx<irw  vJl  i 
i:nte  how  «l»riK<'>(Hl>«  Mil  a;;<-iit  air  nay  b«  bidJct  •■ctt-mii  '-inn 
aiiil  how  )l  IniriMriiiU  tlfatli. 

AftWf.  Idivc,  m-4!(i,Hir  4-arnKftat  <rtK«  [»(h  Kfi>  ^twi  liKao. 
tit  Um  clfiriinilH  JH  rtiiliK[M^(iKable  Ui  life,  unl  eaea  •>!>«  l»  a  -ittu 
»)ff<iit  wt'itnliriK  br  «-oii(litioiiH  and  (I<k'<^-  Tk»t  eteaitfiu;  wiueji.  .apfw^ 
to  Ih'  Mi4!  )M'-«t  nii|>|Htrt4T  of  )i(<t  IfecooH^  at  Iin«t  »  i#iinjj.»ni.-*  p*Mi-w: 
wliilf  I)i4i  clfirH-iit  rhat  in  ^t|t{Kireatl)'a«^l«MaiMlBtt)CiM»xiiHi»:::^  -witp-n 
by  ttiial,V"l«  N»  Im  <nie  of  tliB  e«rttiitial  fooMLftEMiis  ..t'  liie.  TW  .^mi- 
I'liini'iii  itiiiHl.  Ixt  tlial  not  iirm  of  tbem  coaM  •lUapp«kr  or  c6iui;pf  .r^ 
wMiditioii  wirlioiit  nl  one*  tumrof,'  tlie  earlfc  tnco  3  b:u«U  Aiui  Mrm 
kIoI)»,  il«!j>rlvf<l  of  hII  animate  life. 

On  i-liiMT  cxaniiniitiirli  anotlit-r  fiu-t  in  (linrb^K^l  to  lu^  la  Cb«  vv<7 
fcliritvin"  winlx  of  .1.  It.  HiiinaM,  all  living  l*ing*  u«  M>chiii;£  bat  «*- 
fIrnM-tl  iiJr.  Till!  jilaiilMowf  tlieir  existence  to  air.  :kod  4iLiauLl»  «*mlI.! 
not  4!!iJnt  wiMioiit  [)lnrrt».  Tli«  el«meDt»  ofplaaUmrc  tbemavlvi^  ai;. 
and  fin  atilinuln  d''[>t^n'l  on  jilaiitn,  the  connn-iioo  u  rkiM«.  iacun^^^e. 
and  dini't;  man  in  i-nndfOMi-d  uir,  And<tinc«  tbnMigiMai  tbee^ttConH 
(liii'iiiif  wliif'ii  hiiniaii-kiitil  lian  fxinte^l,  that  Mime  air  had  done  nothii.; 
but  (ia«M  witli'ptit  intMrninsinii  thniutfb  the  bodies  of  oar  ancvv^tic^ 
forming  a  [>art  of  tlii-m  fur  n  lime  and  then  becoaiiDg  dismga^ML  »«/- 
piitMent  lnuly  it  cimiiiom^l  of  the  name  elementK  an  was  that  of  oar  ft-wr- 
fatlieiM.  <»ur  Mnlp«taticf.  in  tln'  Name  m*  theirs.  And  thai  substauttr 
which  JH  alio  that  of  lh<-  |>lantHof  yore,  iit  incesiianll}-  moving  ibnKigh 
Himce  In  a  ci-aMcI(H»  tidii.  To  day  or  to-morrow,  a  flower  or  a  fruit,  it 
will  uiiil(!  at  on«  time  with  tbii  HliifKiMh  orgauiwn  of  a  molliisk.  at 
another  with  tini  briiiii  of  a  De.icarteM,  a  l'a«cal,  a  .btan  of  Art-,  or  a 
ShakeK|i''>>i'^"  '*■  I'f'vcr  Ml<i|m;  itM  cytde,  of  which  no  hiunao  eye  ever 
Haw  the  b«^f;inniii(;  and  no  hiiinan  mind  can  imagine  the  end.  et^ms  to 
be  intiiiite;  altttrnarinj;  from  lift;  to  death,  at  old  an  the  world  and. 
witlial,  eternally  yoiinK^  it  would,  if  it  only  were  conscious,  have  ex- 
hausted all  the  joy  and  all  the  (;ri''f  ll">'t  life  <:aii  afl'ord  and  experiem-ed 
all  the  emotions,  tho  iiiohI  noble  and  the  basest. 

The  air  that  lately  gently  fanned  our  faces  is  the  sam  total  of  all 
life  that  has  been,  it  is  a  inyiiad  of  lives;  it  is  those  who  preceded  us;  it 
is  the  dear  dead  for  whom  we  mourn;  it  is  now  a  part  of  ourselves,  to- 
morrow it  will  proceed  on  its  way,  piin);  through  inceasant  meta- 
morphoses, passing  from  one  organism  to  aitottier  without  choice  or 
favor,  until  the  time  conies  when  our  jilanet  shall  die  and  the  sub- 
stance of  all  that  was  life  shall  return  to  the  cidd  earth,  a  gigantic 
grave  that  will  revolve  in  silence  and  desidatitni  through  the  unfath- 
omable depths  of  the  darkened  heavens. 

And  thent  Sciencereturns  no  answer.  In  thebookof  nature  which 
is  spread  before  us  and  which  we  eagerly  scan  for  a  key  to  the  futnre, 
two  jiages  are  missing,  the  two  very  p.-  .itre  most  for,  the 

tirst  and  the  last. 
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By  A.  Daube^e. 


The  expedition  of  the  Challenger  will  rank  aa  among  the  most  famoaa 
ever  undertaken  in  the  interests  of  science.  The  new  and  weighty  facts 
which  the  expedition  disclosed,  as  well  as  their  thorough  investigation, 
are  admirably  set  forth  ia  the  published  reports. 

For  a  long  time  naturalists  believed  that  the  existence  of  any  Life  in 
the  greiit  sea  depths  was  rendered  impossible  by  the  enormoas  pressure 
and  the  total  absence  of  light. 

Althougli  Capt.  John  Itoss  and  Lieut,  (since General)  Sabiue declared, 
in  182U,  that  in  exploring  Baffin  Bay  living  animals  had  been  drawn 
from  a  depth  of  more  than  1,800  meters,  this  assertion  as  well  as  similar 
ODes  which  came  from  no  less  reliable  sources,  did  not  meet  the  credit 
which  they  deserved.  Not  uutil  1860,  when  Dr.  Wallich  returned  from 
an  expedition  to  Greenland  and  Newfoundland,  was  justice  done  to 
these  assertions  which  ran  counter  to  cnrreut  theory. 

About  the  same  time,  as  early  as  1858,  the  laying  of  a  sub-marine  tel- 
egraphic cable  between  Europe  and  America  led  numeroas  and  syste- 
matic soundings  to  be  taken.  These  brought  new  ideas  into  biology 
and  geology,  and  the  importance  of  a  thorough  esjiloration  of  the  great 
ocean  basins  began  to  be  better  understood. 

An  observation  made  by  Mr.  Alphonse  Milne-Edwards  upon  the 
li-agments  of  a  sub-marine  cable  intended  to  unite  Algeria  and  Sardinia, 
which  had  remained  at  a  depth  of  2,000  to  2,200  meters,  should  be  men- 
tioned here  as  of  substantive  value  on  the  question  in  point.  He  noted 
coral  and  tihells  which  had  evidently  attached  themselves  to  this  cable 
at  their  first  growth,  as  several  of  them  had  taken  its  exact  shape  and 
were  still  alive  when  taken  from  the  water. 

The  impulse  thus  given,  scientists  of  various  nationalities,  from  Nor- 
way, England,  and  the  United  St^ttes  began  to  organize  expeditions  for 
the  special  purjKtse  of  exploring  the  deeper  regions  of  the  sea.  Michael 
Sars  on  the  coast  of  Norway,  Louis  Agassiz  and  Count  Pourtal^s  in 
the  Atlantic  (1807  to  ISfiO  and  again  in  1872),  published  results  of  very 

*A  review  of  work  of  the  Cballeoger  Ex|)editiou.  (Translated  ttaoi  Journal  de$ 
SaraHU,  Doceraber,  lifiia,  pp.  73S-743,  Januarj,  1893,  pp.  37-54.) 
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fp-eat  iuterest,  and  equally  remarkable  resalts  ver«  reached  by  Wyville 
Thomson  and  Carpenter  who  explored  first  in  the  neighborhood  of  the 
Faroe  Islands  and  afterwards  in  the  Mediterranean. 

Perceiving  in  the  data  already  acquired  the  promise  of  future  dis- 
coveries, several  English  scientists  conceived  the  project  of  a  voyage 
around  the  vorld  for  this  8[>ecial  obje<rt,  a  vast  scheme  and  one  to 
which  they  devoted  all  their  efforts.  The  admiralty,  after  conferring^ 
with  the  Royal  Society,  put  at  their  disposal  a  screw  steam  corvet  of 
1,300  horse  power,  the  Challenger,  which  swept  with  its  dredge  the 
bottom  of  all  oceans,  and  whose  name  will  last  forever  in  the  history 
of  science.  The  scientific  commission  on  boanl  was  provided  with 
machines,  laboratories,  and  every  resource  that  could  be  desired,  and 
was  presided  over  by  Sir  Wyville  Thomson,  who,  as  we  have  seen,  had 
previously  undertaken  similar  explorations. 

The  expedition  of  the  Challenger,  like  several  of  those  which  pre- 
ceded it,  was  specially  designed  to  search  for  living  things  at  great 
depths,  but  it  was  also  proposed  iu  the  programme  to  study  with  care, 
by  soundings  and  with  the  dredge,  the  forms  and  the  mineral  constitn- 
tion  of  the  great  ocean  bottoms. 

The  relatively  small  quantity  of  sediments  heretofore  collected  in 
previous  cruises,  and  the  very  limited  areas  to  which  the  investigations 
had  been  confined,  did  not  permit  the  statement  of  general  laws  con- 
cerning the  distribution  of  the  deposits  formed  iu  the  abysses  of  the 
sea.  Their  geological  importance,  however,  was  perceived  from  the 
early  ^searches,  and  they  thus  opened  the  way  for  special  explorations 
in  this  new  realm. 

The  voyage  of  the  Challenger  lasted  for  three  years  and  a  half,  from 
December  7,  1H73,  to  the  27th  of  May,  187<:>.  It  was  made  under  the 
command  of  Sir  George  S.  Nares,  who  in  January,  1875,  left  the  ship 
to  the  command  of  Capt.  Frank  Thomson,  in  onler  that  he  himsell 
might  direct  the  Alert  and  the  Discovery  to  the  Arctic  seas. 

A  publication  composed  of  thirty-nine  large  volumes  has  acquainted 
us  with  the  numerous  conquests  which  science  owes  to  this  memorable 
enterprise,  sjtecially  in  zoology,  botany,  jihysics,  and  chemistry.  The 
magnificence  of  the  edition,  the  beauty  of  the  maps  and  of  the  plates, 
many  of  which  are  colored,  leave  nothing  to  be  desired.  The  last  vol- 
ume,* under  the  title  of  7>eep-iiea  DepoaiU,  describes  the  nature  of  the 
bed  of  the  seas  at  their  greatest  depths.  It  is  a  collection  of  informa- 
tion for  the  mo.st  part  entirely  new,  and  the  things  brought  to  light  are 
of  a  nature  which  greatly  stimulates  the  imagination. 

If  we  consider  how  rich  is  the  array  of  observations  contained  in 
this  volume,  it  will  not  seem  astonishing  that  its  authors  have  made  us 


*  Knport  on  the  scieDtiflc  ri>HulM  of  tli*  voyage  of  H.  M.  8.  Challenger.  Dnp-Sra 
Depotil;  by  John  Murray  and  Kev.  A.  F.  Renard.  Publlnhed  by  order  of  the  English 
(ioveniment,  I.oD<lon,  1891.  Lsrgo  quarto,  (wi^  and  396  pngea,  wiH  4?  viapa,  2^ 
dia^Mus,  and  29  litbogrApbed  platea.) 
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wait  more  thao  sixteen  years  for  it.  They  had  however  ahready  par- 
tialiy  satisfied  the  impatience  of  the  world  of  learaing  by  publishing 
the  principal  results  as  separate  memoirs. 

Mr.  John  Murray,  on  board  the  exploring  ship,  had  the  duty  of  col- 
lecting, examioiug,  preserving,  and  classifying  all  the  specimeus  brought 
to  the  surface  by  soundings  or  t)ie  dredge,  and  of  making  all  the  notes 
relating  to  their  derivation.  Sinc«  his  return  to  England  this  scientist 
has  devoted  bimselt'  entirely  to  the  examination  of  this  large  quantity 
of  material. 

In  1878  Sir  Wyville  Thomson*  and  Mr.  Murray  were  happily  led  to 
ask  the  collalmration  of  the  eminent  Belgian  petrologist,  the  Abb^ 
Eenard,  professor  at  the  University  of  Ghent,  whose  microscopic  inves- 
tigations of  rocks  had  already  contributed  much  to  the  progress  of 
science,  and  had  secured  him  special  authority  in  tliat  study. 

Among  the  difficulties  presented  to  these  gentlemen  were  the  tenuity 
of  the  dusts,  often  extreme,  the  almost  constant  fragmentary  form  of 
the  particles,  and  the  change  in  their  nature,  effected  by  the  chemical 
action  of  the  sea. 

In  another  portion  of  the  work  Mr.  Renard  bad  given  a  description 
of  the  rocks,  mostly  of  a  volcanic  natnie,  collected  in  the  Oceanic 
Islands,  and  ha<l  detei-mined  with  prectsiou  their  crystalline  elements.f 
These  rocks  were  to  serve  as  terms  of  comparison  with  the  debris  of 
the  same  nature  which  o(!cui)ies  so  large  a  space  in  the  great  ocean 
depths. 

In  addition  to  the  collections  of  tlie  Challenger,  Messrs.  Murray  and 
Kenard  had  at  their  disposal  the  sediments  gathered  by  several  other 
English  exi>editions.  Prof.  Mohn,  of  Christiana,  gave  them  the  deposits 
dredged  in  the  North  Atlantic  by  the  Norwegian  expedition,  whose 
beautiful  and  important  pubUcations  are  known  to  all  naturalists. 
Besides  these,  the  Coast  Survey  of  the  United  States  and  Mr.  Alex- 
ander Agassiz  (ronsigned  to  them  a  series  of  specimens  of  soundings, 
olitiuned  by  various  American  sliips.  Thus,  the  material  gathered  by 
almost  all  the  sub- marine  explorations,  were  used  in  the  investigations, 
the  i-esnits  of  which  we  are  about  to  consider. 

The  two  great  French  exi>editions,  so  well  known  from  their  splendid 
discoveries  in  the  deep  seas,  are  not  spoken  of  in  this  article,  because 
they  were  of  a  subsequent  date  to  that  of  the  Challenger  and  because 
their  inirpose  was  essentially  zoological.  That  of  the  Travaillevr  was 
from  1S80  to  I8S2,  and  that  of  the  Talisman  in  1883.  Of  the  studies 
made  by  Albert  First,  sovereign  prince  of  Monaco,  the  first  date  irom 
1885. 

Before  noting  the  discoveries  relative  to  the  great  depths  of  the  sea, 
it  is  well  to  recall  in  a  succinct  manner  the  knowledge  already  possessed, 

•  Sir  Wyville  Thomwin  died  in  1882. 

t  Report  on  the  Pe  trolo^  of  QcwDio  IsUnds,  1888 ;  160  pages,  7  maps,  ftud  Dnnwrona 
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after  innumerable  exaininatiooe,  of  marine  sediments  in  c 

eballow  regions,  bordering  continents  and  islunds.  and  which  we  ahan 

designate  here  under  tlie  name  of  marginal. 

MABOINAi.  «BD1HENTS  OF  THE  SEA. 

The  configuration  of  the  bottom  of  the  ocean  iiad  drawn  the  atten- 
tion of  the  ancii^iitH,  and  their  obserrationa  on  this  sabject,  as  npoii 
many  otliem,  proves  the  sagacity  of  the  Greek  philosophers.  In  a 
niMwial  work  PoHidonius  a4lopttt  the  opinion  expressed  more  thao  a 
century  before  by  the  gieat  geoinetrieiau,  astronomer,  and  gn^rapber. 
Kratostliene)',  that  the  earth,  t>ave  for  accidents  which  are  imperc^tible 
in  Ruch  ilimenmons,  is  spherical.* 

After  having  studied  the  three  voyages  of  Eadoxss  of  Cynqne.  Pod- 
doriiuH  (V)iirrludeR  that  the  ocean  snrroands  the  inhabitable  land,  and 
that  a  ship  leaving  the  we^t  wirb  Kums  at  the  stern  woald  wrive  in 
India  nlliT  traversing  a  distance  estimated  by  him  at  70,000  Btadia.f 
The  saiiiu  author  statoa  that  the  depth  of  tbe  sea  near  Saidinia reaches 
nearly  1,000  orffj/en,  or  ilrcek  fathoms.  (About  1850".)  This  is  proba- 
bly tlio  oldest  notitteof  a  deep  sea  sounding,  and  it  is  to  be  regretted 
that  the  process  by  which  it  was  obtained  is  not  known. 

AfM^r  the  immortal  (lis<^overies  of  Christopher  Ootumbas,  of  Yasco 
dedama,  and  Magellan,  had  abided  a  hemisphere  to  the  map  of  the 
worM,  tlie  knowledge  of  the  hpherivity  of  the  earth,  of  the  existence 
of  the  antijHideH,  gave  rise  to  many  new  ideas.  Magellan  tried  in  his 
voyiige  ncroMt  the  Pacific  t^)  measure  its  deptb,  bat  in  vain.  Up  to 
that  time,  that  is  to  say,  until  the  miildle  of  the  sixteenth  century,  a 
depth  greater  than  400  meters  had  not  been  sounded. 

It  is  but  JUHt  Ut  ret^ul]  here  the  name  of  Buache,^  member  of  the 
Aciul»my  of  H<:U:it<-vM,  who  made  in  1737  a  first  atteinpt  to  represent 
the  lM>d  of  the  sea  by  the  aid  of  contours.  In  a  memoir  published 
In  17/rl!  he  says:  "The  use  I  have  made  of  soundings,  which  no  one 
iHtfore  myself  had  ever  employed  to  represent  the  bottom  of  the  sea, 
luf.mH  tit  me  very  proper  to  show  in  an  obvious  manner  the  slopes  or 
di!(^llvitt<'H  of  the  coasts,  and  carries  us  by  degrees  to  the  bed  of  the 
bHslnit  of  the  m-a." 

The  nature  of  the  material  constituting  the  bed  of  the  sea,  Herod- 
otimtcllH  us  had  also  bt^n  the  subject  of  his  meditations. 

Htrabo,  with  the  penetration  and  certainty  of  his  Judgment,  §  remarks 
that  the  M;a  continues  to  receive  without  interruption  the  alluvium  of 


*8tTsbo:  Geography.    TunaUtioD  of  Ur.  Tardien;  vol.  t,  p.  85. 

I  Same  work,  vol.  t,  p.  92. 

t  Eanas  of  I'Lysical  Geography,  iu  which  general  views  are  ststod  npOD  the 
frame-work  of  the  globe,  composed  of  cbaios  of  moDotaiDS  which  traverse  both 
aeaa  and  lands,  with  some  special  oonslderatioos  on  the  various  basliiH  of  the  sea 
aud  npon  its  interior  oonfiguratioD.  {Bitlorg  of  the  Aoadem^  of  Scittmet,  1752, 
p.  399.) 

$  Strabo's  (3(>A>mHikii.  trusltition  above  quoted,  p.  93. 
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tbe  rivers  and  tends  thus  to  All  itself  up.  He  considers  however  that 
tlie  KedimeDts  of  the  rivers,  iaatead  of  extending  over  all  the  ocean 
bottom,  are  deposited  near  the  month.  Straho  attributes  to  the  move- 
ment of  tbe  sea,  to  its  re»piration,  as  it  was  then  called,  the  impossi- 
bility for  tbe  sediment  to  extend  a  great  distance  fi'om  the  shore.  The 
wave,  says  he,  expels  all  foreign  bodies  from  its  bosom,  producing  thus 
a  purification.  On  the  other  band,  the  presence  of  deposits  of  shells 
in  the  interior  of  continents  had  not  remained  unperceived,  and  this 
important  observation  leiida  Strabo  to  say  that  "  the  sea  has,  during 
periods  more  or  less  long,  covered,  then  left  dry,  by  withdrawing  itself, 
a  goodly  portion  of  the  continents."* 

This  different  point  of  view  may  give  a  notion  of  ancient  deposits 
of  the  sea,  and  consequently  serve  to  clear  op  the  history  of  present 
deposits. 

Tbe  origin  of  organized  fossil  bodies,  thus  vaguely  seen  by  several 
philosophers  of  antiquity,  was  fully  confirmed  in  the  fifteenth  and  six- 
teenth centuries.  By  a  flash  of  genius,  Leonardo  da  Vinci  saw  the 
present  sediment  of  the  seas  in  the  shell  layers  of  the  Apennines  in 
which,  as  engineer,  he  was  making  excavations.  Bernard  Palissy,  on 
his  side,  without  knowledge  of  this  conelnsion,  was  himself  led  to  it 
through  his  observations  in  Saintonge.  Simple  potter  as  he  was,  he 
offered  to  prove  against  all  the  doctors  of  the  Sorboone  that  fossils 
are  the  debris  of  organisms  which  have  livetl  in  the  place  where  they  are 
found,  "  while  the  rocks  were  nothing  but  water  and  mud,  which  became 
petrified  after  the  water  dried  up."  No  one  is  ignorant  how  this  resem- 
blance has  been  since  then  clearly  recognized  and  accepted  in  regard  to 
the  series  of  strata  which  succeed  each  other  in  enormous  thicknesses  in 
the  interior  of  the  continents.  Thus  for  a  long  time  we  have  been  com- 
pelled to  admit  that  fossiliferous  strat^i  result  from  the  sediment  formed 
in  ancient  epochs  of  the  history  of  the  globe,  during  which  time  the 
sea  covered  vast  regions  which  have  now  emerged. 

The  dejKisits  which  we  see  to-day  forming  in  the  ocean  are  the  con- 
tinuation of  those  which  have  accumulated  there  through  the  ages  since 
the  epoch  when  the  mass  of  water  condensed  upon  our  globe  and  sur- 
rounded it  with  a  hquid  envelope. 

The  rocks  continually  attacked  by  atmospheric  agencies  are  reduced 
little  by  little  to  small  fragments.  The  chemical  action  of  the  air,  the 
physical  part  performed  by  the  wator,  the  physiological  influence  of 
plants  c!oncur  to  produce  their  more  or  less  complete  disintegration. 
Continents,  upon  the  surface  of  which  this  work  is  going  on  every- 
where, ai'e  thus  covered  with  the  debris  of  the  rocks  which  running 
water  caTi  easily  take  hold  of.  Whether  such  waters  are  rivulete,  tor- 
rents, streams,  or  rivers,  they  seize,  carry  off,  and  drift  toward  the 
ocean  the  mineral  particles.  This  happens  even  with  the  most  tena- 
cious rocks,  such  as  granite.    This  detritus  is  partially  arrested  in  the 


•Work  cited,  p.  86.  ,  ,„^^^  byGoOglt' 
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courneof  rive'-H,  beDcetheacvumiilationH  of  ooze,  sand,  aiid  gravel,  well 
known  iiiider  the  name  of  allnviutn,  which  border  different  t>ortioiis  of 
their  course,  and  the  even  and  level  surface  of  which  recall  the  cover- 
ing of  water  which  has  spread  them  out. 

At  the  mouth  of  the  rivers,  in  the  sea  an  iu  lakes,  the  retard  in 
velocity  of  the  waters  effects  the  operation  in  the  most  marked  man- 
lier; therefore  plains  of  alinvium  are  specially  developed  iu  these 
plate.. 

The  alluvium  is  uot  restricted  to  this  border;  it  is  formed  in  the  open 
aea  by  the  action  of  a  transportatiou  effected  by  waves,  tides,  and 
currents  more  or  less  constant.  These  motions  affect  also  the  deposits 
which  come  from  the  ocean  coasts.  We  learn  this  from  the  marine 
maps  which  give,  together  with  the  ocean  depths,  the  nature  also  of 
its  bottom  aa  it  has  been  determined  by  soundings.  Examination  of 
these  maps  shows  that  the  deposits  iu  question  are  sprca^l  ont  usually 
in  flat  form  and  constitute  the  real  submarine  plains,  comparable  with 
the  slimy  and  even  plains  existing  at  the  mouth  of  rivers.  Such  are, 
for  example,  the  bottom  of  the  English  Ohaanel  and  the  deposits  which 
border  France  in  the  ocean. 

Thus  the  sea  may  be  considered  as  an  immense  work-room  of  tritu- 
ration, of  transportation  and  deposition.  It  produces  on  a  large  scale 
the  same  effect  that  takes  place  over  a  distance  of  a  few  kilometers  in 
the  beii  of  a  torrent.  Deposition  is  finally  effected  in  the  relatively 
4-alm  regions  of  the  ocean  basin. 

In  this  incessant  work  of  demolition  the  liquid  waters  have  also  very 
ac'tive  co-laborers  whose  imi>ortance  is  not  recognized  iti  temt>erate 
countries  such  as  wo  dwell  in.  Tbey  are  the  masses  of  ice  which 
accumulate  iu  the  valleys  around  the  mountainous  masses  covered 
with  perpetual  snow.  In  spite  of  their  apparent  immobility,  these 
glaciers,  of  so  imposing  and  magnificent  an  aspect,  have  a  descending 
movement,  slow  and  continuous.  Thus  they  constitute,  on  account  of 
their  solid  state  and  their  enormous  weight,  evun  more  than  liquid 
water,  most  energetic  agents  of  wear  and  transportation.  In  t)ie 
region  not  far  from  the  |K>le,  the  part  performed  by  glacial  torrents  and 
floiiting  ice  [>ermeated  with  fine  detritus  throughout  their  mass  is 
specially  recognizable 

The  Norwcgiiin  expedition,  the  labors  of  which  have  been  published 
under  the  direction  of  the  eminent  professor,  Mohn,*  has  very  clearly 
determined  the  facts  in  question,  so  far  as  concerns  Spitzbergen,  Ice- 
land, and  Greenland,  The  ooze  from  the  glacial  tritnration  extends 
over  the  whole  bottom  of  the  North  Atlantic,  and  seems  to  form  its 
chief  sediment  as  far  as  .36°  of  latitude.  The  presence  of  similar 
deposits  has  been  ascertained  along  the  coast  of  North  America,  and 
in  the  Southern  Hemisphere  as  far  as  about  40°. 

■  Den  Nonke  A'ordhmMe  Expeditiort,  1876,  1878,  9th  eil.,p.  70, 
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Hr.  Kordenekiiild,  in  his  secoud  expedition  to  Greeulaad,  plainly 
recog^nizetl  also  the  abaiidance  of  dnsta  from  tbe  friction  of  the  glaciers 
on  their  bottom.  When  this  very  fine  clay  has  been  dried  by  the  son, 
it  is  put  in  motion  by  the  least  breeze,  and  the  air  is  filled  far  aroond 
with  cloods  of  dnst,  so  that  the  rocks  and  plants  are  covered  with  a 
sort  of  grayinh  powder,  which  gives  a  somber  appearance  to  the  whole 
conntry.  Tlie  eminent  traveller  saw,  in  transportations  of  this  nature, 
not  only  one  of  the  elements  of  marine  ttedimentK,  hut  also  the  probable 
origin  of  the  diluvinl  ooze,  known  under  the  name  of  loess,  in  conformity 
with  the  views  of  Mr.  Richthofen." 

It  must  also  be  remarked  that  the  currents  of  the  atmosphere  carry 
across  the  widest  seas  teiTcstrial  dnst  of  all  kinds,  volcanic  and  other. 
The  deposits  of  the  ocean  find  active  collaboration  in  this  aerial  trans- 
portation. 

Marine  sediments  are  not  composed  merely  of  mineral  dt^bris,  more 
or  lees  fine,  pebbles,  Kands,  and  ooze.  Solid  remains  which  niollusks 
and  other  inhabitants  of  the  sea  leave  after  death,  are  associated 
with  this  debris  in  large  numbers,  and  are  sometimes  deposited  in  pre- 
dominant proportion.  Such  remains  often  lo.se  their  characteristic 
forms  in  consequence  of  dissolving  chemical  aetion  so  as  to  augment 
the  mass  of  deposits  apparently  inorganic. 

It  is  thus  that  these  various  accumulations  gradually  come  to  con- 
stitute around  continents  a  sort  of  belt  which  constantly  increases,  t 

In  co-ordinating  all  that  was  known  of  these  marginal  deposits,  the 
only  ones  which  ha<l  then  been  studied,  Delesse  published  thirty  years 
ago  a  litbological  study  of  tlie  sea  bottom.  The  hydrograpbic  maps  made 
by  naval  €)(Bcers  aud  eugineers  served  as  the  basis  for  his  works.}  In 
regard  to  the  seas  bordering  France,  which  were  the  principal  object  of 
the  author's  studies,  lie  himself  examinetl  all  the  specimens  collected  both 
on  tbe  shores  and  farther  out.  Tables  of  faundre<ls  of  deposits  show 
their  esact  derivation,  their  physical,  mineralogical,  and  organic  char- 
acteri8tics,§  and  also  their  chemical  composition.  An  atlas  annexed 
to  the  t«xt  gives  three  lithological  maps,  very  skillfully  executed, 
representing,  oue,  the  seas  of  France,  another  the  seas  of  Europe,  and 
the  third  the  seas  of  North  America. 

In  certain  regions  of  the  shore  the  nature  of  the  sea  bottom  has  been 
so  completely  studied  in  all  its  particulars  that  an  idea  almost  as  e\act 

*  The  .leamd  Swediih  Exprditiim  to  Greenland.  Trans,  by  Charles  Rabot,  1888,  pp. 
247  nnil  248. 

iThe  wiiltli  of  this  belt  ii  calcnlated  at  an  average  uf  250  kilometers;  it  extends 
ort«D  to  600  and  700  kilometerft,  for  example  nn  the  coast  of  Brazil,  opposite  the 
Amazon. 

1  J.ithology  of  the  Heati  of  France  and  of  the  prineipal  seas  of  the  Olobe.  Paris, 
1872. 

<f  Dr.  I-lsobeT,  who  has  stadied  the  orgaoic  character  of  tbe  deposits,  has  already 
lecogniied,  among  tbe  interesting  Tesultx,  the  importance  of  the  brjuzoa  and  of  the 
foHuniuifsra  as  they  occur  in  many  of  the  sooient  eediuentary  layen. 
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may  be  formed  of  it  as  if  the  bottom  were  not  coDeeald  from  nsby  tbe 
covering  of  water  above.  Sucli  is  specially  tbe  case  for  the  Straits  of 
Dover. 

Tliom6  de  Oamond,  who  waa  the  initiator  of  the  proposal  to  make  a 
tunnel  across  tbe  English  Channel,  saw  the  neceasity  of  first  making  a 
study  of  the  submarine  ground.*  Although  he  had  only  hitt  own  personal 
resouicea  and  whs  unprovided  with  any  diving  apparatus,  the  projector 
of  tbis  attempt,  with  a  bolduesu  which  proves  his  excessive  euthusiasiu 
for  bis  idea,  did  not  hesitate  to  launch  himself  into  the  sea  in  a  strange 
apparatus  of  his  own  invention.  After  diving  with  great  intrepidity 
three  times  in  one  day,  be  managed  to  acquire  useful  data  for  a  distance 
of  a  kilometer  and  a  half  from  the  shore. 

Later,  when  the  same  problem  came  to  be  studied  in  a  more  exact 
mimner,  tbe  necessity  of  a  basi.s  of  absolately  exitct  data  was  perceived. 
First  of  all,  it  was  necei:!sary  to  determine  upon  the  sea  bottom  the  con- 
tinuity of  tbe  diU'erent  strata  of  the  cretaceous  formation,  which  appear 
very  much  alike  in  both  the  French  aiid  English  cliffs  on  both  sides  of 
the  channel.  A  commission  comi>osed  of  Messrs.  Larousse,  Potier,  and 
Lnpparent  made  7,000  soundings,  of  which  nearly  3,000  returned  deter- 
minable specimens.  Thus,  thanks  to  geology,  tbe  enter[>riHe  which  at 
first  api>eareil  so  doubtful,  rested  hencefoith  upon  positive  fkcts  a<»:a- 
rately  established.  It  was  leitrned  that  the  tmring  could  be  continiioasly 
carried  on  in  a  layer  of  sn-t:allcd  grey  chalk  sort  euough  to  be  easily 
worked,  and  sufBciently  impervious  not  to  allow  tbe  peuetration  of 
water. 

Lastly,  and  qnite  recently,  after  having  been  forced  to  abandon  a 
sub- marine  passage,  it  wua  suggested  to  build  a  bridge  across  the  straits 
of  Dover.  The  bottom  of  the  channel  was  again  made  the  object  of 
numerous  careful  investigations.  This  time  the  nature  of  the  ground 
upon  which  tbe  piles  would  rest  had  particularly  to  be  known.  The 
exploration  made  in  18t>0  by  Mr.  J.  Kenault,  hydrographic  engineer, 
furnished  the  data,  and  in  addition  to  the  usual  material  for  sounding 
and  dredging,  he  constructed  special  apparatus  for  drilling  which  was 
used.  Four  hundred  drillings  were  made,  and  uot  fewer  than  3,000 
soundings. 

The  marginal  sediments  of  which  we  have  just  spoken,  and  to  which 
Messrs.  Murray  and  lienard  give  tlienanie  terrt<ienoiM,  extend  along 
the  continents,  over  a  zone  which,  measured  from  the  shore, occupy  the 
variable  dimensions  of  from  lOU  to  500  kilometers.  They  also  form  the 
bottom  of  inland  seas,  such  as  tbe  Mediterranean,  tbe  seas  of  North 
China,  of  Japan,  and  of  the  Antilles. 

Besides  the  marginal  deposits  that  we  have  just  mentioned,  and  the 
deposits  of  the  great  deptlia  wlticb  we  are  ikbout  to  consider,  there 


'Thomi^  de  Gamonil.  Study /or  a  propoied  nibmartnc  tvnnal  between  England  and 
fiance,  uniUng  the  raituaga  0/  the  Ivo  counlrict  without  braakini/  bulk,  by  the  Une  0/ 
Ori««  to  Kaeliraie,  with  mn;)  0/ priipoieit  direction  and  the  profiit  of  the  tunatl  ertMtimg 
the  geological  diagra--  ^-iiedpier.     ita.     Puria,  1857.  ^'  i 
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exist  some  which  form,  as  it  were,  nn  intermediary  between  them  and  to 
which  the  authors  f^ve  the  name  littoral  deep  sea  deposiU. 

Terrigenous  debris  still  form  the  principal  partof  these  deposits.  In 
fact,  among  the  products  carried  off  from  terra  firma,  there  are  some 
which  remain  suspended  long  enough  in  the  air  or  in  the  sea  to  be  trans- 
ported at  last  into  the  domain  of  the  deep  seas.  It  is  thus  that  par- 
ticles of  quartz  and  of  other  rocks,  the  continental  origin  of  wliich  is 
easily  recognized,  have  been  met  with  at  a  depth  of  7,000  meters. 

The  blue  muds  must  be  specially  noted :  They  are  characterized  by  a 
slate  color  which  comes  from  the  presence  of  organic  matter  in  a  statu 
of  decomposition.  They  often  exhale  an  odor  of  sulphuretted  hydrogen 
and  in  that  ca-se  they  arc  mixed  with  sulphide  of  iron.  This  often 
happens  in  the  vicinity  of  a  continent  where  large  rivers  bring  in  sus- 
pension reducing  organic  substances.  Fragments  of  minerals  such  as 
qnartz,  mica,  and  feldspar,  in  very  fine  grains  of  the  diameter  of  half 
a  millimeter  at  most,  often  api)ear  in  them. 

ABYSSAL  8BA  DEPOSITS. 

Until  recent  times  no  ocean  sediments  had  been  explored,  except 
those  fonnet)  as  we  have  Just  seen,  in  the  vicinity  of  c^ntiueuts  and 
islands,  and  which  border  tliem,  tike  belts  usually  of  small  width  a»u- 
paied  with  the  vast  dimcusious  of  the  sea. 

Beyond  a  depth  of  500  or  600  meters  the  waves  and  currents  seem 
no  longer  to  exercise  au  erosive  influence.  The  agitation  of  the  water 
and  the  mechanical  avtion  witnessed  in  the  vicinity  of  laud  are  not 
felt  in  the  abysse-i  unless  id  exceptional  cases.  It  appears  ftom  the 
thenuometric  observation  of  the  Challenger,  it  is  true,  that  the  cold 
waters  hai'e  a  motion  at  the  great  ocean  bottoms  from  the  poles  toward 
the  equator,  but  the  motion  is  very  slow  and  could  exercise  but  slight 
influence  n)>on  the  distribution  of  marine  sediment. 

Thousands  of  kilometers  may  be  sailed  over  in  certain  directions 
at^ross  the  Atlantic  and  the  Pa<;iflc  without  seeing  any  land  above  the 
surface,  but  finding  every  wliere  depths  of  severalthousands  of  meters. 
What  takes  place  in  these  vast  regions  where  the  waves  which  toss  the 
snrface  can  not  exercise  a  mechanical  action  on  any  solid  masst  This 
could  not  be  known  or  even  snrmised  before  many  soundings,  made 
over  large  areas,  had  furnished  their  contingent  of  observations.  To 
bring  up  specimens  of  tho  bottom  fi-om  several  thousand  meters  below 
the  surface  was  a  difficult  operation,  and  to  do  it  successfully  ingenious 
and  powerful  apparatus,  skillfully  manipulated,  was  needed.  The  expe. 
dition  of  the  Challenger  surmounted  all  obstacles. 

The  bottom  deposits  of  the  great  oceanic  basins  which  differ  much 
fi^im  the  marginal,  have  received  the  name  pelagic.  We  prefer  to  use 
here  the  term  abysml,  which  eifpresses  with  greater  precisioD  the  great 
depth  which  constitutes  their  essential  character.     -     -    - 
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However  worthy  of  interest  the  qaestion  of  life  in  the  abysses  of  the 
sea  may  be,  we  shall  pass  it  by  here,  bi  stnily  the  strictly  mineral  sab- 
stances  with  which  these  organized  veatigea  nre  nnnally  associated. 

The  thing  to  be  noted  before  all  others,  in  the  central  parts  of  the 
great  oceanic  basiu!^,  is  the  gradual  disttppeartmce  of  terrigeuons 
deposits,  which  are  replaced  by  volcanic  debris. 

This  contrast  had  been  perceived  as  early  as  1856,  when  the  soand- 
ings  were  made  in  the  North  Atlantic  for  laying  the  telegraphic  cable 
between  Ireland  and  Newfonndland.  The  idea  which  had  at  first  pre- 
sented itself  was  that  the  scoriaceous  silicates  brought  to  the  sar&ce 
might  be  only  the  ashes  thrown  out  by  the  steamers  which  cross  that 
part  of  the  ana  in  great  numbers.  But  a  more  careful  examination 
shows  well-marked  debris  of  pumice  and  obsidian.  Hence  they  must 
be  considered  as  substances  thrown  up  by  volcanoes  and  probably  by 
those  not  distant  from  these  regions,  those  of  Iceland,  the  Azores,  the 
Antilles,  or  of  Central  America. 

At  the  present  time  from  numerous  soundings,  made  in  most  varied 
regions,  we  learn  that  volcanic  substances  are  spread  generally  over 
the  great  depths  of  the  ocean.  Tbey  ofteuest  form  an  incoherent,  vitre- 
ous, and  spongy  material,  similar  to  that  designated  for  a  long  time  by 
the  name  of  pumice,  from  the  name  of  the  islands  where  it  was  found  in 
ancient  times.  Their  spongy  texture  is  due  to  the  gases  and  vapors 
which  were  disengaged  from  them  before  their  substance  was  cold  or 
hardened. 

Often  also,  the  substances  brought  by  the  dre«lges  from  the  bottom 
of  the  sea  are  likewise  of  vitreous  nature;  but  instead  of  being  trachy- 
tic  in  composition  like  the  pumit^o  fragments,  they  are  nearer  to  the 
basalts.  The  small  fragments  or  lapilli  are  of  the  size  of  a  nut  or  a 
pea. 

It  is  remarkable  that  the  vitreons  texture,  comparatively  rare  in  the 
volcanoes  of  terra  firma,  should  be  so  frequent  in  the  volcanic  dt^bris 
which  occupy  the  bottom  of  the  sea,  which  seems  to  indicate  that  cir- 
cumstances are  favorable  to  its  production  in  submariue  eruptions. 

Mr.  Murray  (in  a  communication  made  to  the  Royal  Society  of  Edin- 
burgh in  187(i)  was  the  first  to  bring  to  notice  the  importance  and  the 
large  place  that  substances  of  volcanic  origin  occupy  at  great  depths. 
The  original  character  however  of  the  igneous  ejections  becomes 
more  or  less  mo<li&e<l  nndor  the  prolonged  action  of  sea  water.  While 
the  pumice  changes  to  an,  earthy  and  friable  matter,  the  pyroxenic 
lapilli  produce  a  substance  of  brilliant  luster  similar  to  that  named 
palagonitehy  Sartorius  and  Watterhausen.  Some  rock  materials,  such 
as  the  pumice  fragments,  from  their  porosity  float  for  some  time  after 
reaehing  the  surface  of  the  sea  before  the  water  gradually  penetrates 
their  pores  and  carries  tbein  to  the  bottom.  It  is  thus  that  the  Chal- 
lenger often  found  in  its  nets  fragments  of  pumice,  varying  in  bulk  from 
the  size  of  a  man's  bead  to  that  of  a  mustard  seed,  and  usoally  round 
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in  shape.  This  pamice  resembled  that  from  Lipari  with  elongated 
fibers  and  ailky  in  appearaoce.  Isolated  bits  floated  on  the  sarface  of 
the  t>ea,  partly  covered  with  the  marine  animals  which  had  fastened 
themselves  on  its  surface.  The  ftequeucy  of  its  appearance  is  easily 
explained,  for  the  sea  receives  an  enormous  quantity  of  rock  fragments 
of  the  same  nature  from  many  rivers  flowing  into  it;  such  particniarly 
is  the  case  in  New  Zealand,  in  Japan,  and  in  South  America. 

As  is  easy  to  understand,  pulverulent  material  in  suspension,  coming 
from  eruptions,  has  also  been  observed  on  the  high  sea«. 

Tjct  us  add  that  at  various  times  navigators  have  remarked  on  the 
surface  of  the  sea  an  accumulation  of  pamice  under  the  form  of  a  float- 
ing covering,  sometimes  so  closely  adhering  and  eo  extensive  as  to  hin- 
der the  progress  of  ships.  Such  was  the  case  in  July,  1878,  in  the 
sonth  of  the  Pacific  Ocean,  according  to  Capt.  Turpey,  and  according 
to  Capt.  Harrington  in  March,  1879.  The  Challenger,  however,  did  not 
observe  in  its  passage  any  rafts  of  this  sort. 

The  circumstances  which  accompanied  tiie  eruption  of  Krakatoa  or 
liakata  on  the  27th  of  August,  1883,*  are  sufficient  to  account  for  the 
abundance  of  pumice  at  the  bottom  of  the  sibyssal  regions  of  the  sea. 

At  the  time  of  this  cataclysm  the  pn)digious  abundance  of  fine  parti- 
cles thrown  out  was  such  that  the  sky  was  obscured  by  them.  An  eye 
witness  relates:  "The  sun  being  in  mid-heaven,  there  was  no  light  in 
the  sky  nor  even  a  difi'use  trace  at  the  horizon,  and  this  horrible  night 
lasted  eighteen  hours.  The  ship  Loudon  was  obliged  to  remain  still 
wliere  it  was  in  view  of  the  peril  awaiting  it."  Some  hours  later,  on  the 
28th  of  Angust,  ."tOO  kilometers  west  of  the  Straits  of  Snnda,  the  ship 
le  Salazie  met  a  violent  storm,  accompanied  with  lightning  and  fearful 
claps  of  thunder ;  after  an  interval  of  a  few  minutes  the  rain  was  rep1ace<l 
for  thirty  six  hours  with  sand  which  blinded  the  travellers,  and  soon 
after  that  by  a  white  and  impalpable  dust,  composed  of  pamice,  so  that 
at  daybreak  the  ship  appeared  as  though  covered  with  anew. 

The  important  share  of  fragmentary  volcanic  ejections  in  the  depths 
of  the  sea  thus  receives  an  easy  explanation  as  we  shall  see. 

In  regard  to  volcanoes  situated  upon  continents,  the  extremely  small 
particles  known  under  the  erroneous  name  of  ashes  and  the  little  peb- 
bles, grains,  or  lapilli,  on  account  of  their  small  size,  are  often  carried 
by  atniosplieric  currents  to  considerable  distances  and  a  great  part  of 
them  reattli  the  sea  where  they  are  finally  deposited.  The  transporta- 
tion of  very  fine  particles  has  so  to  speak  no  limit,  both  in  the  air  and 
in  water  which  is  in  motion. 

In  addition  to  sub-aerial  volcanoes,  there  are  some  whose  opening  or 
crater  is  submarine,  so  that  the  bottom  of  the  sea  is  frequently  the 

•  Camplei  Kendm  of  Ike  Jeadtmy  of  Scienca,  1883;  vol.  xcvi,  p.  1100. 
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seat  of  the  emption.  BecCDt  soaDdiDgs  have  revealed  in  the  Great 
Ocean  the  preeeuce  of  isolated  and  conical  monntuns,  having  the  form 
characteristic  of  volcanoes  and  rising  from  the  deep  without  however 
reaching  the  surface.  Although  circamstauces  do  not  favor  their  obser- 
vation, submarine  eruptions  seem  to  be  nnmerous.  In  many  cases 
eruptions  are  betraye<t  by  sulphurous  emanations,  columna  of  vapor, 
ejections  of  ashes,  scoriee,  aud  pumice.  Sometimes  there  appear 
islands  formed  of  the  incoherent  debris  which  disappear  later,  as  has 
been  seen  in  the  Mediterranean,  as  in  the  Atlantic — in  the  neigbborliood 
of  the  Azores,  and  in  the  Pacific  Ocean. 

After  the  eraption  of  Krakatau  an  enormons  deposit  of  this  incohe- 
rent matter  covered  the  whole  country;  its  thickness  over  a  radius  of 
15  kilometers  was  from  20  to  40  and  sometimes  80  meters.  Two  islands, 
Stears-Eiland  and  Calmeyer-Kiland,  formed  by  these  ejections,  were 
thrown  up.  There  was  formed  also  in  a  few  hours  an  immense  floating 
barrier  of  pumice,  which  closed  the  Bay  of  Kampong  in  the  Straits  of 
Sfinda.  The  length  of  the  bairiei'  was  nearly  30  kilometers  by  a  width 
of  more  than  1  kilometer  and  a  depth  of  4  to  5  meters,  or  15U,000,OOU 
of  cubic  meters  of  projectiles.  It  could  then  be  seen  how  the  wear  and 
trituration  of  this  ft-iable  material  rubbing  together  is  effected  in  the  sea. 
Hitting  and  rubbing  against  each  other,  the  stones  became  round  and 
acquired  the  form  of  rolled  pebbles,  as  generally  shown  in  the  pumice 
fished  or  dredged  fi-om  the  ocean.  On  the  other  imnd,  this  trituration 
caused  a  multitude  of  very  small  si>liuter8,  similar  in  appearance  and  in 
mineralogical  composition  according  to  the  examination  ma^le  by  Mr. 
Kenard  to  the  pulverized  pumice  brougbt  up  ao  abundantfy  by  the 
dredges  from  the  great  depths.  Mr.  Verbeek  estimates  that  the  total 
volume  of  sand  aud  cinders  trom  this  formidable  cataclysm  reached  18 
cubic  kilometers.  Enormous  as  is  this  volume,  it  was  exceeded  by  that 
thrown  np  by  Timboro,  or  Tambora,  in  181.5,  the  volume  of  which  was 
at  least,  it  is  said,  150  cubic  kilometers. 

The  oceanic  basins  are  favorably  situated  to  receive  fi-ora  many 
points,  and  quite  frequently,  volcanic  ejections;  the  general  di.'^tribu- 
tiou  of  volcanoes  on  tlie  surface  of  the  globe  explains  the  considerable 
part  which  tlieir  ejections  occupy  in  the  sea  depths.  In  fact,  the  largest 
unmber  of  thom,  about  seven-eighths,  are  situated  in  the  long  lineal 
series  which  wind  about  the  Pacific  Ocean  as  well  as  about  many  islands 
in  that  ocean.  The  circumference  of  this  immense  mass  of  water  may 
be  compared  to  a  ring  of  fire  where  the  volcanic  action  is  scarcely  ever 
iuterriipted.  The  Atlantic  shows  also  numerous  centers  of  activity  of 
the  same  nature,  both  in  the  archipelagoes  and  in  the  contiuents  which 
they  border. 

It  must  therefore  happen  that  the  small  particles,  ashes,  and  lapUli, 
which  are  projected  from  the  eruptive  openings  of  our  planet,  reach  (for 
tliemoBtpart),byreasonof  their  fineness,  to  the  grent  oceans;  if  tlieydo 
not  fall  directly  into  them  they  are  carried  to  them  by  the  currents  of 
air,  aud  often  to  great  distances  from  the  crater  whence  they  issued. 
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HINEBAL   BUB8TANCBS   OP  EXTBA- TERRESTRIAL   ORIGIN. 

Atnoug  the  substances  which  have  been  met  in  deep-sea  deposits, 
there  are  some  to  which  it  does  oot  seem  to  the  authors  possible  to 
attribute  a  terrestrial  origiti.  On  account  uf  their  rarity  they  form 
only  an  insignificant  portion  of  the  deposits;  bnt  the  interest  they 
present  results  from  the  cosmic  origin  which  we  are  led  to  attribute  to 
them.  In  1876  Mr.  Murray  called  attention  to  the  singular  character 
of  these  particles. 

In  the  midst  of  the  portions  which  can  be  extracted  by  the  magnet 
&om  certain  muds  of  the  abyss  black  microscopic  globules  are  found, 
the  interior  of  wliich  consists  of  metallic  iron,  and  they  are  covered 
with  a  pellicle  of  magnetic  oxide.    Traces  of  cobalt  are  found  in  them. 

With  these  metallic  spherules  are  associated  others  of  the  uature  of 
stones;  they  are  brown  and  of  a  bronze  luster;  their  diameter  aver- 
ages a  half  a  millimeter  and  never  reaches  twice  that  dimension. 
Microscopic  examination  proves  that  they  are  Dot  strictly  spherical, 
that  their  surface  inxtead  of  being  smooth  is  striated,  and  that  their 
structureis  laminated,  taking  au  eccentric  arrangement.  These  small 
bodies  have  then  the  texture  as  well  as  the  form  of  those  which 
abound  in  stony  tnet«orites  and  which  are  characteristic  of  them. 
Like  the  latter,  which  Oustav  Bose  has  designated  under  the  name  of 
ckondrules,  they  consist  of  a  silicate  belonging  to  tiie  species  enstatit« 
or  bronzite.  If  we  assume  a  meteorite  to  fall  into  the  sea  and  become 
disintegrated,  it  will  be  easy  for  us  to  understand  that  snch  globules 
would  be  disengaged. 

The  metallic  globules  resemble  wholly,  in  exterior  appearance,  those 
which  are  produced  when  bits  of  iron  at  white  heat  tly  into  the  air, 
such  for  instance  as  arc  produced  by  the  blow  of  the  hammer  on  the 
anvil.  Similar  ones  are  doubtless  produced  when  meteorites  throw  off 
sparks  in  traversing  the  atm<»spliere  with  great  rapidity  heated  to 
incandescenite.  Messrs,  Murray  and  Ki^uard  consider  themselves,  there- 
fore, authorized  to  designate  the  metallic  dusts,  as  well  as  the  stony 
globules,  as  cosmic  dusts. 

It  appears  from  a  great  inimber  of  examples  that  the  cosmic  dusts 
are  found  specially  in  the  red  clay  which  occupies  the  great  depths  of 
the  Pacihc,  far  f^'om  all  continental  land.  Under  these  conditions  the 
dejHisit  seems  to  be  of  slight  thickness  and  to  be  effected  with  extreme 
slowness.  Facts  -wW-h  we  witness  daily  render  it  easy  to  understand 
a  cosmic  co-operation  in  the  building  up  of  sub-marine  deposts. 

Every  one  has  noticed  the  abundance  of  dust  contained  in  the  atmos- 
phere that  a  ray  of  sun  entering  a  dark  room  suftlces  to  reveal.  Such 
dust  is  still  more  apparent  in  the  layer  which  settles  uimn  all  the  objects 
in  au  uninhabited  plat^e,  and  even  ia  tiie  open  country  where  the  air  is 
comparatively  tranquil.  It  is  more  and  more  the  unanimous  opinion 
that  the  atmosphere  is  no  less  active  a  vehicle  than  water  ia  the  forma- 
tion of  aedimentary  deposits.  r"^,,,,,,!,. 
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Many  observers  have  catalogued  the  substances  ooatadaed  in  attnoe< 
pheric  dnsts.  We  need  not  mention  here  the  organic  and  organized 
particles,  among  which,  as  Mr.  Pastenr  and  his  popiJs  have  shown  ob, 
microbes  occnpy  such  a  preponderant  place.  What  int«re8ts  as  is  that 
the  mineral  grains  are  also  prodigionsly  abundant.  This  mineral  por- 
tion consists  principally  in  very  minate  debris  of  terrestrial  rocks, 
which,  in  spite  of  their  extremely  small  dimensions,  can  be  exactly 
determined  by  the  microscope — such  as  quartz,  limestone,  the  volcanic 
silicates,  and  oxide  of  iron,  which  are  easily  diagnosed. 

In  the  course  of  these  microscopic  examinations,  minate  sabstaoces 
have  been  found  differing  entirely  by  their  spherical  form  from  tbe 
small  fragments  produced  by  the  crushing  of  rocks.  The  substances 
in  question  resemble  exactly  the  hollow  globules  or  vesicles  of  oxide 
which  the  quick  combustion  of  metallic  iron  gives  for  example,  when  the 
old-fashtoued  tinder  box  is  used  or  when  a  horse's  shoe  strikes  sparks 
from  the  i>avement.  It  is  legitimate,  however,  not  to  consider  all  these 
globules  as  having  an  artificial  origin. 

Two  classes  of  considerations  may  be  appealed  to  on  this  subject. 

First,  it  is  demonstrated  that  lumps  formed  of  metallic  iron  or 
containing  granules  of  that  metal,  reach  us  from  celestial  space  and 
undergo  in  the  higher  regions  of  the  atmosphere  an  artificial  combos- 
tion.  The  latter  fatit  is  manifested  by  the  long  trains  of  smoke,  often 
persistent,  which  accompany  the  meteorites.  They  contain  very  prob- 
ably globules  analogous  to  those  produced  from  horse-shoes  on  the 
pavement. 

In  several  circumstances  the  enormous  volume  of  the  dust  in  question 
has  been  ascertained  from  the  clouds  or  trails  which  have  accompanied 
tbe  fall  of  celestial  bodies.  By  reason  of  the  importance  of  the  fact, 
we  will  cite  several  examples. 

At  the  time  of  the  fall  of  the  holosiderite,  or  iron  of  Hraschina,  near 
Agram  (May  26. 1731),  there  was  perceived,  after  the  explosion,  a  black 
cloud  which  lasted,  it  is  said,  for  three  hotir»  and  a  half  after  tbe  fall. 

At  the  moment  of  the  fall  of  the  iron  of  Braunau,  in  Hungary, 
which  took  place  .Tuly  14, 1847,  many  persons,  warned  by  two  violent 
report^,  remarked  a  small  black  cloud  which  appeared  horizontally, 
with  the  accompaniment  of  violent  reports;  two  globes  of  fire,  which 
issued  from  the  cloud,  fell  upon  the  ground.  The  cloud  became  gray 
and  then  disappeared. 

The  mass  from  which,  on  the  14th  of  May,  1863,  chondritic  meteorites 
tell  in  the  environs  of  Orgueil  (Tarn  et  Gtaronne),  gave  forth  a  jet  of 
sparks;  then  left  behind  it  a  trail,  which  was  at  first  luminous,  and  then 
changed  to  a  cloud,  lasting  flrom  eight  to  ten  minutes. 

Before  the  explosion  of  the  meteorite  to  which  we  owe  the  aero- 
lites which  fell  on  the  9th  of  December,  1858,  at  Ausson  and  at  Clarac, 
near  Mootrejeau  (Haute  Garonne),  a  considerable  jet  of  incandescent 
smoke  was  seen  to  escape  from  tbe  uucleuB,    A  cloud  of  'wbitisb 
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vapor  formed  in  the  center  of  the  explosion,  and  a  trail  of  the  same 
vapor  lasted  with  this  cloud  over  the  whole  line  followed  by  the 
meteor. 

Tlie  fall  at  Aigle,  May  26, 1803,  according  to  the  circumstantial  nar- 
rative of  Biot,  was  aonounced  by  a  flauiing  globe  accompanied  by 
a  violent  explosion  which  lasted  five  or  six  minutes;  it  was  at  first 
like  four  cannon  shots,  then  a  discharge  resembling  a  volley  of  mus- 
ketry. This  noise  came  from  a  small,  very  bigh  cloud  of  a  rectangular 
shape  which  seemed  motionless  all  the  time  the  phenomeua  lasted. 

Beside  tbe  fall  of  meteorites,  properly  so-called,  it  is  certain  that 
cosmic  dusts  also  fall.  They  have  not  attracted  as  much  atten- 
tion as  they  should,  for  it  is  dilticiilt  to  distinguish  them  f^m  those  of 
tenestrial  origin,  which  are  incomparably  the  most  numerous.  They 
are  recognized  however,  wfaen  preceded  by  tbe  remarkable  phenouiena 
of  light  and  noise  which  we  have  just  mentioned.  The  catalogue  pub- 
lished by  Cbladni  in  1824  informs  us  of  several  examples,  among  which 
is  the  following:  In  1819,  in  Montreal,  Canada,  a  black  rain  was 
observed,  accompaided  by  an  extraordinary  darkening  of  the  sky,  and 
reports  like  those  from  artillery,  and  very  brilliant  lights.  At  first  it 
was  supposed  to  be  a  Hre  in  a  neighboring  forest,  coinciding  with  a 
violent  etorm.  But  the  whole  phenomenon  and  the  examination  of  the 
matter  which  fell  proved  that  it  was  due  to  the  arrival  iu  the  atmos- 
phere of  substances  foreign  to  our  globe. 

There  fell  at  Ltebau,  in  Saxony,  January  13, 1835,  a  powder  formed 
of  niiignetic  oxide.  This  fall  followed  the  explosion  of  a  bolide  winch 
moved,  it  was  said,  with  extraordinary  swiftness,  and  the  dashes  from 
which  seemed  to  bum  in  passing  through  the  atmosphere. 

Tbe  cboudritic  meteorites  of  Orgueil,  the  appearance  of  which  in  the 
atmosphere  has  been  mentioned,  and  which  are  so  interesting  from 
many  points  of  view,  were  very  instructive  with  regard  to  the  existence 
of  meteoric  dust.  They  are  friable  to  such  a  degree  that  several  speci- 
mens were  reduced  to  powder  by  simple  pressure  between  the  fingers. 
It  is  a  matter  of  astonishment  that  they  reached  the  surface  of  the  globe 
whole.  Perhaps  this  fact  may  be  exjtlained  by  presenting  the  two  follow- 
ing circumstances:  Atfirsteaeh  fragment  was  enveloped  at  the  moment 
of  fall  with  a  vitrified  crust  more  solid  than  the  rest  of  the  mass. 
Also,  the  various  portions  of  the  substance  are  cemented  by  alkaline 
salts.  Water  iu  dissolving  this  cement  brings  about  the  complete  disin- 
tegration of  the  meteorite,  which  turns  to  powder  of  the  most  extreme 
tenuity.  So  that  if  on  tbe  14th  of  May,  1864,  the  sky,  instead  of  being 
perfectly  clear  bad  been  rainy,  or  merely  covered  with  clouds  through 
which  the  stones  would  have  had  to  pass,  nothing  could  have  been 
gathered  up  but  a  viscous  mud,  the  fall  of  which  has  been  observed  on 
several  occasions. 

In  addition  to  tbe  faets  derived  from  contemporary  phenomena,  a 
second  argument  for  belief  in  tli«  cosmic  origin  of  certain  ferniginoos 
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globules  collected  in  atmospheric  dust  ariaes  from  tbe  discoveiy  that 
has  bi>en  made  of  quite  similar  globulet;  in  sediments  aDterior  to  tbe 
existence  of  man,  several  of  whiob  date  even  from  very  remote  geolog- 
ical periods.  To  limit  our  examples,  we  will  roenttoD,  according  to 
Messrs.  G.  Tisaandier  and  Stanilas  Meanier,*  tlie  abundance  of  the 
small  bodies  in  question  in  the  green  sand  and  the  clays  under  the  sheet 
of  bubbling  water  of  tbe  artesian  wells  of  Paris. 

This  cosmic  origin  makes  it  clear  how  similar  dust  woatd  abound  iu 
regions  far  removed  from  any  inhabited  place.  At  the  summit  of  tbe 
highest  mountains,  upon  Mont  Blanc,  for  example,  tbe  melted  snow 
water  gives  a  sediment  in  which  the  globules  we  speak  of  are  aot 
wanting. 

The  presence  of  nickel  in  certain  dust  seems  to  confirm  their  extra- 
terrestrial origin.  Such  wax  the  case  with  those  which  Mr.  Albert 
Tissaudier  collected  on  the  col  dea  Tourt  at  2,710  meters  of  altitude,  on 
the  occasion  of'  his  ascension  in  1877. 

From  the  limited  numl>erof  foiling  meteorites,  the  products  of  which 
are  collected  each  year,  a  very  incomplete  idea  is  formed  of  their  fre- 
quency. The  enormous  majority  necessarily  escapes  the  most  eager 
search  even  in  the  midst  of  the  densest  populations,  either  being  dis- 
guised in  the  vegetation,  on  account  of  their  usual  smallnessof  size,  or 
else  because  they  enter  the  soil.  The  largest  number  also  fall  in  uoiu- 
habite4l  or  savage  countries  and  spei-ially  in  the  basin  of  the  seas. 

It  is  thus  recof^nize<l  a  priori  that  cosmic  dusts  must  exist  not  only 
on  the  surface  of  continents,  but  also  on  the  basin  of  oceans. 

Without  diminishing  the  incontestable  tmportauc«  of  the  facts  just 
set  forth,  there  must  itlso  be  taken  into  account  certain  geological 
phenomena  to  which  the  mineml  globules  may  owe  their  birth.  Such 
is  the  n[>ening  of  vertical  canals  like  volcanic  chimneys,  which  under 
tbe  names  of  diatreme»  traverse  the  terrestrial  crust,  the  production  of 
which  I  have  recently  realized  by  the  experimental  method. f 

The  [wrforation  of  different  rocks,  traversed  by  currents  of  gas  which 
has  at  the  same  time  a  very  strong  pressure,  a  great  swiftness,  and  a 
high  temperature  must  have  prodttcetl  dusts,  the  spheroidal  grains  of 
which,  often  hollow,  are  very  abundant. 

CHEMICAL    AND    MINKEAI.OQICAL     PBODU'  TIONS     POBMED    ON     THE 
UREAT   OrKAN    BOTTOMS. 

We  see  every  diiy  on  the  continents  rocks  of  very  different  kinds 
chemically  modifled'under  the  mere  action  of  air  and  water,  and  thns 
giving  birth  to  new  snbstances.  In  the  same  way  the  deiwsitii  formed 
in  the  depths  of  the  sea  have  not  esca))e(l  certain  chemical  actions,  in 
spite  of  the  temperature  near  zero  which  reigns  there.     A  state  of 


■  CoiRplet  Rmdut  of  Ihf  Acadenii  of  Seienoa;  1878;  vol.  UCXKVI,  p.  450. 
tExperiincntH  upon  tbe  possible  elTecIa  of  eubtornuiean  gaeea.     Complt*  fymihit^ 
M«  Jeatkmy  of  Seitnoet,  1891 ;  vule.  cxi  and  CXUi 
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estreine  BneDesa  rendera  them  nil  the  more  snsveptible  of  influence. 
The  mineral  Babstances  which  Be»  water  holds  in  solutioa  contribnte 
no  doubt  actively  iu  thetw  modiflcationa. 

Before  the  expeditioa  of  the  Challenger  the  reaultn  of  these  reactions 
and  the  mineral  specieA  produced  therefrom  were,  for  the  most  part, 
unknown,  althoagb  such  sjwcies  occnpy  a  large  portion  of  the  ocean 
bed.  The  exact  study  which  has  been  made  of  them  by  the  Challenger 
constitutes  for  geologists  and  mineralogists  perhtip^  the  most  interest- 
ing part  of  the  OEploration.  We  will  review  in  succession  the  Bpecies 
which  have  been  ascertained. 

Red  clay, — Of  all  mariue  Hediinents  the  type  most  widely  spreail  over 
the  deep  seas  has  received  tbo  name  of  red  clay.  It  is  essentially  a 
bydrated  Hilicate  of  alumina,  the  color  of  which  is  due  to  an  intimate 
mixture  of  peroxide  of  iron ;  sometimes  also  it  tiikes  a  hrown  cxilor  from 
the  oxide  of  manganese.  Plastic,  like  most  of  the  clays,  gi'easy  to  the 
tonch,  it  can  he  molded  in  the  fingers.  When  dry  it  adheres  iu  a  cohe- 
rent mass,  and  subjected  to  the  blow-pipe,  it  is  fused  into  a  black,  mag- 
netic globule. 

In  spito  of  its  homogeneous  a]>[>earaDco  it  is  rare  that  red  clay  is  not 
mixed  with  very  small  fragments  of  pumice  and  other  volcanic  produc- 
tions. When  they  are  not  recognizable  by  the  naked  eye  this  d4bris 
reveals  'its  granular  nature  to  the  tonch.  Accidentally  red  clay  may 
also  contain  detritus  of  continental  origin,  drifted  by  floating  ice  or 
carried  far  by  winds.  All  this  debris  is  very  flue,  and  it  rarely  exceeds 
one-twentieth  of  a  millimeter. 

Usually  red  clay  is  associated  with  calcareous  and  siliceous  debris, 
coming  from  organisms  of  a  microscopic  size,  which  have  been  men- 
tioueU  ab:)ve.  These  organisms  are  mixed  iu  variable  proportions,  and 
sometimes  predominate  so  as  to  greatly  modify  their  aspect.  Hence  the 
names  globigeriua  ooze  and  radiolarian  ooze,  nccordiag  as  one  or  the 
other  of  those  beings  characterize  it.  Each  of  these  categories  of 
deposits  in  the  great  bottoms  occupies  vast  extents.  (The  areit  of  the 
radiolariau  ooze  extends  s|»ectal1y  between  latitudes  20  degrees  north 
and  10  degrees  south;  the  globigeriua  oozes  occupy  nearly  110  degrees 
of  latitude,  and  attain  sometimes  5,000  meters  in  depth.  Both  disai>- 
pear  near  the  itolar  regions.)  The  terrigenous  deposits  represent  only 
14  per  cent  of  the  superficies  of  sea  bottoms,  the  red  clay  occupies  38 
per  cent,  and  the  globigertna  mud  3S  per  cent.  The  diatomacea,  a  sort 
of  algie  with  a  siliceous  skeleton,  si>ecial1y  abouud  toward  the  polar 
regions.  Thus,  as  we  have  said,  these  various  organisms  have  lived 
fur  the  most  part  in  the  waters  of  the  surface,  whence  their  solid  debris 
have  fallen  after  death  into  the  depths.  Vast  regions  of  the  Pacific,  of 
the  Atlantic,  and  of  the  Indian  Ocean  are  occupied  with  red  clay, 
associated  with  microscopic  organisms.  According  to  a  numerous 
series  of  soundings,  as  the  depth  is  greater,  the  calcareous  shell  of 
various  organisms  disappears  gradually  from  the  Hiimy  setliment,  so 
SM93 3fi  -OOglc 
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that  Anally,  far  from  the  surface  nothing  in  foond  but  tlie  red  clay, 
entirely  witboat  lime,  under  organized  form.  The  gfaells  of  pteropodi: 
disappear  flrnt,  then  the  envelopes  of  the  foraminifers,  vhirh  a  coatiD^ 
of  organic  matter  neemed  to  protect.  It  fleems  probable  that  tbis  elimi- 
nation of  carbonate  of  lime  is  dae  to  the  action  of  carbonic  acid  dis- 
solved in  the  deep  layers  of  oceanic  waters,  where  its  cheioica]  activity 
is  reinforced  by  the  enormous  presKiire  that  reigns.  The  silu^  of  tb* 
organisms  resists  the  best,  and  it  is  thus  that  their  skeletons,  spicnies. 
and  other  Hilif-eous  vestiges  ac^'umulate  on  the  bottom. 

Everything  seems  to  indicate  that  the  formation  of  red  clay  is  essen- 
tially due,  like  that  of  most  of  the  other  minerals  which  are  to  come 
under  our  notice,  to  the  decomposition  of  the  incoherent  and  very 
tenuous  volcanic  productions  which  abounfl  on  all  thegreatocean  beds. 
In  the  regions  where  red  clay  shows  its  most  distinct  characteristics 
this  transformation  of  the  volcanic  rocks  into  clayey  matter  may  be 
followed  through  its  successive  phases.  The  clayey  matter  is  the  direct 
pro4luct  of  a  chemical  decomposition,  S[)ecially  of  the  silicates,  which 
are  basic  and  in  i»art  represented  by  the  pumice  and  the  volcanic 


Ebelmen,*  so  prematurely  taken  away  from  science,  which  he 
endowed  with  discoveries  full  of  genius,  was  the  first  to  show  how 
thealnminous  silicate  rocks,  principally  those  of  eruptive  origin,  so 
frequent  at  the  surface  of  the  globe,  are  decompotied  by  the  mere  action 
of  the  atmosphere;  their  ]>rotoxides,  such  as  lime  and  magnesia,  are  car- 
ried olT  in  a  state  of  carbonate,  while  the  alumina  is  concentrated  with 
the  silica,  so  as  t<i  form  n  Iiydrated  silicate  of  the  clay  family. 

The  same  slow  reactions  seem  to  take  placeupon  the  ocean  bottom  at 
the  expense  of  the  volcanic  silicates,  aided  perhaps  by  tjie  chemical 
action  of  the  sea  water.  Certain  fusible  muds  contain,  very  probably, 
portions  still  un<lecom  posed,  but  in  such  fine  dust  that  they  may  be 
confounde<l  with  the  clay.  It  has  been  so  with  the  mnds  that  I  have 
obtained  by  ex]teriments  upon  the  trituration  of  feldspar;  they  are  so 
finely  divided  that  tliey  are  soft  as  clay  to  the  touch  and  possess  the 
same  plasticity. 

Zeolitea. — Notwithstanding  the  very  low  teniperatuh)  which  prevails 
at  tlie  ocean  bed,  the  (chemical  reactions  seem  to  proiluce  sharply-crys- 
talized  minerals,  the  most  remarkable  of  which,  without  doubt,  belongs 
to  the  doable  hydraled  silicates,  known  under  the  name  of  eeolit«s. 
Those  zeolites  are  met  with  in  great  abnndauce  under  the  form  of 
small  isolated  crystals,  simple  or  grouped  geometrically,  often  in 
spherules  of  hardly  a  half  millinietctr  in  diameter,  and  in  all  cases  con- 
fused with  the  clay.  Crystallographic  and  chemical  analyses  show 
that  they  must  Irolong  to  the  species  called  chri^tianite  or  philippstU. 
This  discovery  was  made  in  the  center  of  the  Pacific.     It  was  repeated 


■Seetbeartirlel.y  Mr.  Chnvrotil  iniha  Journal  dis  Saranlt,   ISM,  p.  104. 

DigmzedbyGoOgle 


DEEP-SEA  DEPOSITS.  563 

ill  the  ludiaii  Ocean.  It  inigUt  liave  been  thougbt  tbat  these  inan- 
merable  crystals  of  ithristianite  came  from  tbe  einiple  disiategrft- 
tion  of  volcanic  rocks,  vritli  the  paato  of  which  they  would  have  been 
associated;  but  tbe  fnratninifers  brought  up  from  tbe  deeps  by  the 
dreilge  are  completely  enveloped  with  crystallioe  coverings  of  tbia 
miueral,  which  proven  the  fact  not  to  be  m.  Tbe  formation  of  tbe 
zeolite  in  posterior  to  the  deposit  of  the  seiliinents  engendered  by  the 
transformation  of  volcanic  substances  which  cover  the  bed  of  the  sea. 

OIflu«oHi(e. —Among  tbe  mineral  deposits  found  on  tbe  sea  bottoms 
is  another  hydrated  silicate,  known  ander  tlie  name  of  glaucontte,  which 
has  for  its  bases  aluminiam,  protoxide  of  iron,  and  other  metals,  lb) 
mode  of  formation  as  well  as  the  great  extents  on  which  it  is  found, 
specially  cnll  attention  to  it.  It  takes  the  form  of  small  grains  of  a 
green  color,  and  completely  similar  in  form,  dimension,  and  appearance, 
to  tbe  iiarticles  of  tlie  same  mineral  which  abound  in  various  geological 
l>erii)ds  of  the  series  of  stratified  rocks  from  the  most  ancient  times  to 
the  most  recent.  Glauconite  thus  plays  an  important  part  in  space  as 
well  as  in  time.  The  formation  of  this  mineral  in  the  great  sea  deeps, 
brought  to  notice  forty  years  ago  by  Bailey  and  Pourtalis,  has  been 
the  object  of  many  investigations,  specially  by  Khrenberg. 

HydraU'dojcide  of  manganese  [wad);  hydrated  oxide  of  iron  {lim&nite).~- 
Two  other  s|>ocies  to  be  mentioned,  which  submarine  chemistry  has  pro- 
duced, and  no  doubt  is  still  producing,  are  the  hydrated  oxides  of  man- 
ganese and  of  iron,  which  are  specially  observed  in  nodnles.  These  sub- 
stances are  disseminated  over  tbe  whole  surface  of  the  sea-bottom,  but 
s)>ecially  in  tbe  red  clay  area.  It  is  easy  to  understand  this  association ; 
the  volcanic  imks  from  which  these  clays  are  obtained  containing 
abundance  of  iron  and  manganese  in  their  mineral  constituents,  peri- 
dot, pyrnxen,  and  others.  In  consequence  of  their  decomposition  the 
oxides  are  liberated  in  conformity  with  the  reactions  so  ably  demon- 
strated by  Kbelmen." 

Amongtheorganicaud  inorganic  debris  which  in  the  red  clay  regions 
serve  as  center  to  tbe  ferro-manganiferous  concretions,  the  remains 
of  vertebrates  have  been  frequently  found.  The  bones  thus  fonnd  are 
the  most  enduring  portions  of  tbe  skeleton,  such  as  tbe  tympanic  bones 
of  the  cetncea  and  the  teeth  of  the  shark.  Just  as  we  see  .the  calcare- 
ons  organisms  eliminated  at  great  depths,  so  also  it  is  fonnd  that, 
except  those  massive  portions,  all  bones  of  vertebrates  are  missing  iu 
the  deep  sediments.  Some  of  these  remains  of  vertebrates  belong  to 
extinct  species. 

Phosphate  of  lime, — Off  the  cape  of  Good  Hope,  the  dredge  brought 
up  from  various  depths  of  between  200  and  4,000  meters,  quartzy  and 
glauconitic  muds,  charged  with  the  remains  of  various  organisms,  some 

*  In  an  ^|>p■■IlIli^t  Mr.  tlibHon  points  out,  by  the  aid  of  spectroscopic  analfsis,  in  toe 
mangaiiesH  nudules.tracesof  various  elements,  barium,  stroutinni,  lithinm,  titanimn, 
Tanailiiiin.  and  thallium. 
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of  a  calcareous  Bature,  liku  tbe  fomiainifers,  others  of  a  Biliceoas  natare, 
like  the  Bpicalie  of  sponges,  the  radiolaria,  aud  tbe  diatomacea. 

In  thene  muds  are  found  solid  concretions  from  1  to  4  centimeters  in 
diameter  and  embedding  all  the  organic  and  inorganic  elementH  of  tbe 
sediment.  Chemical  analysis  has  demonstrated  that  the  cement  of 
these  concretions  consists  principally  of  phosphate  of  lime. 

The  sediments  with  tbe  phospbattc  nodules  present  tbe  }ri-e»test 
resemblance  to  certain  well-known  strata  belonging  to  various  stages 
of  certain  -sories,  especially  of  the  cretat^ous  [teriod,  viz,  the  green 
sandstone,  the  glauconitic  sandstone,  tbe  white  chalk.  Tbe  resem- 
blance, which  is  not  only  in  tbe  nodnles,  but  aUo  in  the  sediments 
which  contain  them,  is  such  that  there  is  evident  similarity  in  their 
mode  of  formation. 

In  regard  to  the  origin  of  this  phosphate  of  lime,  the  simplest  idea 
and  the  one  that  everything  confirms  is  that  it  is  derived  immediately 
ft-om  tbe  decomposition  of  animal  debris  bnried  in  the  sediment  after 
death.  Tbeir  form  is  destroyed  by  the  eftWtt  of  the  reactions  of  the 
sea  water  upon  them. 

OENKRAL   OBSERVATIONS. 

The  expedition  of  the  Challenger  deserves  tbe  gratitude  of  science, 
not  alone  because  it  has  shed  light  upon  important  facts  in  the  province 
of  physical  geography,  and  because  it  has  furnished  many  new  ideas 
of  the  animal  aud  vegetable  life  that  people  the  abysses  of  the  ocean. 
Tbe  nature  of  tbe  bed  of  those  abysses,  vast  areas  whose  depth  exceeds 
1,000  meters  aud  sometimes  attain  mure  than  8,(K)0  meters,  was,  but  a 
short  time  ago,  hardly  known  to  us.  Deposits  formed  from  the  terra 
flrma  observable  not  far  from  continents  do  not  continue  in  the  abys- 
mal regions,  where  the  motions  of  tbe  sea,  to  which  marginal  deposits 
owe  their  origin,  exert  no  influence. 

In  those  regions,  mineral  pai'ticles  upon  which  the  mechanical  action 
of  the  water  has  left  an  imprint  are  not  to  be  found,  but  instead  vol- 
canic and  pulverized  matter,  as  well  a»  clayey  substances  produced  by 
their  chemical  decomposition,  the  whole  mixed  with  remains  of  micro- 
scopic organisms.  Such  are  the  deposits  which  cover  tbe  largest  part 
of  tbe  submarine  crust  of  the  globe. 

We  see  for  the  first  time  the  principal  outlines  of  a  geological  map 
of  tbe  sea  bottom,  showing  the  manner  in  which  the  different  types  of 
deposits  are  distributed  upon  the  great  ocean  beds.  This  map  is 
annexed  to  the  volume;  it  contains,  in  synoptic  form  and  in  convention- 
alized colors,  the  results  of  more  than  two  thousand  soundings  made 
at  depths  greater  than  2,000  meters.* 

Among  other  facts  which  appear  from  the  map  in  question,  the  first 
to  attract  tbe  attention  is  bow  much  the  abyssal  deposits  exceed  the 

a  the  Allantlc,  300  tu  tbe  IndiUD  Ocean,  and 
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margiual  deposits  in  exteut.  The  great  predominance  of  red  elay  and 
globigei'iuamud  ooze  is  noticed  at  first  sight  both  in  the'Atlantic  and 
in  the  I'acittv.  In  regard  to  the  diatom  ooze,  it  iB  seen  to  abound  iu 
the  Antarctic  Ocean  beyond  50  degrees  of  latitude. 

The  deposits  in  the  abygsal  regions  are  in  complete  contrast  not  only 
with  the  present  deposits  of  seas  less  deep,  but  also  in  a  marked  way 
with  those  formed  in  the  seas  in  ancient  geological  periods  and  which, 
laid  down  for  a  depth  of  tbousandsof  meters,  coubtitate  the  seriesof 
stratified  rocks. 

In  these  ancient  formations  the  sediments  of  abyssal  nature  seem  to 
be  lacking,  or  to  be  at  least  very  rare.  Hence  the  conclasion  that  the 
parts  of  the  sea  where  sedimentary  earths  are  sncceeaively  formed  are 
not,  as  to  conditions  of  depth,  comparable  to  those  where  the  abyssal 
regions  of  the  Atlantic  and  Pacific  are  found.  They  were  not  very  far 
from  the  emerged  portions  or  continents,  and  did  not  attain  to  very 
great  depths. 

We  are  therefore  led  to  the  conclusion  that  from  the  most  remote 
e))ochs  the  continental  elevations  have  occupied  very  nearly  the  same 
I>arts  of  the  globe.  The  prominences  have  been  gradually  modifleil  by 
general  upheavals,  as  has  happened  on  a  small  scale,  for  example,  in  the 
formation  of  the  Alpine  chain.  The  great  depressions  then  go  back  to 
n  great  antiquity  and  the  general  configuration  of  the  terrestrial  sphe- 
roid, with  its  vast  and  deep  depressions  as  we  now  know  them, must  have 
been  outlined  from  the  most  ancient  epochs  of  its  history. 

This  is  the  confirmation  of  an  idea  which  has  been  previously  reached 
from  other  considerations  Agassiz  formulated  it  in  1872,  in  discuss- 
ing the  observations  made  by  Pourtalfes  upon  the  deeps  of  the  Atlantic, 
and  in  remarking  that  no  vestiges  of  stratified  earth,  either  ancient  or 
inodi-rn,  were  to  be  found  there. 

Various  facts  lead  bs  to  think  that  the  clay  which  covers  the  bottom 
of  the  oceanic  basins  was  deposited  with  extreme  slowness.  The 
deposit  seems  not  to  have  been  thick  and  se«nis  to  go  back,  at  least 
in  certain  parts,  to  very  remote  periods.  This  explains  the  relative 
abundance  with  which  the  cosmic  dusts,  as  well  as  the  more  euduring 
of  the  cetaceous  remains,  are  found  there.  The  terrigenous  deposits 
aixumulate  upon  an  entirely  different  scale  of  rapidity. 

Now  that  we  know  the  mode  of  formation  of  the  deposits  in  the  great 
deejis  of  the  sea,  and  the  chemical  reactions  producing  the  various 
sjiecies  of  minerals,  new  horizons  are  opened  to  us  with  regard  to  phe- 
nomena of  which  we  formerly  had  no  idea,  and  which  nevertheless  has 
for  its  stage  more  than  half  the  solid  crust  of  our  planet. 

The  examination  of  the  beautiful  work  under  our  notice  shows  how 
nunieious  are  the  facts  upon  which  the  conclusions  of  the  authors  are 
biised.  It  proves  also  the  conscientiuns  cure  which  was  bestowed  upon 
the  specimens  procured  which  were  examined  by  all  the  methods  known 
to  science. 
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Let  R9  do  houor  theu  to  the  tneii  who  orgauized  the  expeditiOD  of  the 
Challenger,  to  those  lueD  who  earned  it  out  with  so  much  courage, 
energy,  and  skill,  and  let  us  render  no  less  worthy  homage  to  the  two 
BcientiBts  Mr.  John  Murray  and  Mr.  A.  F.  Benard,  the  im])ortaiit  resnlts 
of  whose  labors  we  have  endeavored  to  set  forth. 
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THE  MKIEATIONS  OF  THE  RACES  OF  MKN  CONSIDERED 
HISTORICALLY.' 


By  Prof.  James  Bbyce. 


There  are  two  seiiaes  in  whicli  we  may  claim  for  geography  that  it  is  a 
meeting  point  of  the  sciences.  All  the  departments  of  research  which 
deal  with  external  nature  touch  one  another  in  and  through  it — geology, 
botany,  zoology,  meteorology,  as  well  aa,  though  less  directly,  the  various 
branches  of  physics.  There  is  no  one  of  these  whose  data  are  not,  to  a 
greater  or  less  extent,  also  within  the  province  of  geography;  none 
whose  conclusions  have  not  a  material  bearing  on  geographical  prob- 
lems; and  geography  is  also  the  point  of  contact  between  the  sciences 
of  Nature,  taken  all  togetlier,  and  the  brandies  of  inqniry  which  deal 
with  man  and  his  institutions.  (Geography  gathers  up  the  results  which 
the  geologist,  the  botanist,  the  zoologist,  and  the  meteorologist  bave 
obtained,  and  presents  them  to  the  student  of  history,  of  economics,  of 
politics — we  might,  perhaps,  add  of  law,  of  philology,  and  of  architec- 
ture—aa  an  im])ortant  part  of  the  data  from  which  lie  must  start,  and 
of  the  materials  to  which  be  will  have  to  refer  at  many  points  in  the 
progress  of  his  researches.  It  is  with  this  second  point  of  contact,  this 
aspect  of  geography  as  the  basis  for  history,  that  we  are  to  occapy  our- 
selves to-night.  Understanding  that  the  Sc^ottish  Geographical  Society 
desires  not  merely  to  present  a  current  history  of  discovery,  but  to 
bring  into  prominence  the  economic,  social,  and  political  aspects  of  the 
science,  and  to  inculcate  its  significance  for  those  who  devote  them- 
selves to  the  presently  urgent  problems  whii-)i  civilized  man  is  called  to 
deal  with,  I  have  chosen,  as  not  unsuitable  to  an  inaugural  address,  a 
subject  which  belongs  almost  equally  to  physical  and  descriptive  geog- 
raphy on  the  one  side,  to  history  and  economics  on  the  other.  The 
movements  of  the  races  and  tribes  of  mankind  over  the  surface  of  our 
planet  are  in  the  first  instance  determined  mainly  by  the  physical  con- 
ditions of  its  surface  and  its  atmosphere,  but  they  become  themselves 
a  part,  and,  indeed,  a  gi-eat  part,  of  history;  they  create  nations  and 
boild  up  states ;  they  determine  the  extension  of  languages  and  laws; 

*  Bead  at  the  iDAQgarnl  uieatiug  of  tlie  t>undon  brauch  of  the  Hoyal  Scottish  Geo- 
graphicBl  Societj,  April,  1S92.  (The  SeoUith  Geographioat  Magacint,  Aiignst,  1892; 
voL  vut,  pp.  40V-421.) 
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they  bring  weal  th  to  some  regions  aocl  leave  others  neglected ;  they  mark 
oat  the  routes  of  commerce  and  affect  the  economic  relations  of  differ- 
ent countries. 

7^0  line  of  historica]  inquiry  sets  before  us  more  clearly  at  every  Btagc 
the  connection  between  man  as  an  associative  being — toiling,  trading, 
warring,  ruling,  legislating — and  that  physical  environment  whose  infla- 
ence  over  his  deveiopment  is  none  the  less  potent  and  constant  because 
he  has  lenrned  in  obeying  it  to  rule  it  and  to  make  it  yield  to  him  con- 
stantly increasing  benefits.  The  topic  is  so  large  and  branches  off  into 
so  many  other  cogn  ate  inquiries  that  you  will  not  expect  me,  withia 
the  narrow  limits  of  an  address,  to  do  more  than  draw  its  outlines, 
enumerate  the  principal  causes  whose  action  it  sets  before  us,  tonch 
upon  the  successive  epochs  which  its  history  presents,  and  refer  to  a 
few  oat  of  the  many  problems  its  consideiation  raises.  The  migrations 
of  peoples  have  been  among  the  most  potent  factors  in  making  the 
world  of  today  different  tvom  the  world  of  thirty  centtiries  ago.  If 
tliey  continue  th  ey  will  be  scarcely  less  potent  in  their  inSaence  on  the 
future  of. the  race;  if  they  pass  into  new  phases,  those  phases  will  bo 
the  expression  of  new  conditions  of  society;  if  they  cease,  that  cessa- 
tion will  itself  be  a  fact  of  the  highest  economic  and  social  significance. 

I. — POBMS  OF  DIPPtlSION. 

At  the  outset  it  is  convenient  to  distinguish  the  different  forms  which 
movements  of  population  have  taken.  These  forms  may  be  grouped 
under  three  heads,  which  I  propose  to  call  by  the  names  of  Transfer- 
ence, Dispersion,  and  Permeation — names  which  need  a  tew  words  of 
illnstration. 

1.  By  Transference  I  mean  that  form  of  migration  in  which  the  whole, 
or  a  large  majority,  of  a  race  or  tribe  quits  its  ancient  scats  in  a 
body  and  moves  into  some  other  region.  Such  migrations  seldom  occur 
except  in  the  case  of  nomad  peoples  who  are  little  attached  to  any  par- 
ticular piece  of  soil ;  but  we  may  almost  class  among  the  nomads  tribes 
who,likeourownrcmoteTeutonicancestorB,  although  they  cultivate  the 
soil,  put  no  capital  into  it  in  the  way  of  permanent  improvements,  and 
build  no  dwellings  of  bricii  or  stone.  The  prehistoric  migrations  usu- 
ally belonged  to  this  form,  and  so  did  that  great  series  of  movements 
which  brought  the  northern  races  into  the  Boman  Empire  iu  the  fifth 
and  sixth  centuries  of  our  era.  In  modern  times  we  find  few  instances 
of  Transference,  becnuse  such  nomad  races  as  remain  are  now  ahnt  up 
within  narrow  limits  by  the  settled  States  that  snrrouud  them,  which 
have  possessed,  since  the  invention  of  gunpowder  and  of  standiug 
armies,  enormously  snperior  defensive  strength.*  We  sliould  however 
have  hi)d  an  interesting  case  to  point  to  had  the  Dutch,  when  pressed 
by  the  power  of  Philip  II,  embraced  the  offer  that  came  to  them  from 

'  In  ITTt  a  grcni.  Kalmiik  horile  nxiveil  ea  majwn  I'min  the  stepper  of  the  CupiMi 
to  the  frontiers  uf  Cbiua,  loaiog  oxiru  tliau  half  ite  oumben  on  the  way. 
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England  to  migrate  in  a  body  and  establish  themHslves,  their  dairyJDg, 
tbeir  flax  culture,  and  their  linen  manufacture,  in  the  ricli  paRtures  and 
hnmid  air  of  Ireland. 

2.  Under  the  head  of  migrations  by  Dispersion  I  include  those  cases 
in  which  a  tribe  or  race,  while  retaining  its  ancient  seats,  overflows  into 
new  lands,  whether  vacant  or  already  occupied;  in  the' latter  event 
sometimes  cijecting  the  original  inhabitants,  sometimes  foaing  with 
them,  sometimes  dwelling  among  them,  but  remaining  distinct. 

-  Examples  are  fiirnished  by  the  case  of  tlie  Norsemen,  who  found  Ice- 
land practically  vacant,  while  in  England  they  became  easily,  in  Ire- 
land and  Gaul  more  slowly,  mingled  with  the  previous  inhabitants. 
When  our  own  ancestors  came  from  tho  Frisian  coast  they  slew  or  drove 
out  the  bulk  of  the  Celtic  population  of  Eastern  Britain;  when  the 
Franks  ontcied  Gaul  they  liecame  commingled  with  it.  It  is  by-such  a 
process  of  di8j)er8ion  that  the  British  race  has  spread  itself  out  over 
North  America  and  Australasia.  In  much  smaller  numbers  the  Span- 
iards diffused  themselves  over  southern  North  America,  and  the  north- 
ern and  western  parts  of  South  America;  and  by  a  similar  process  the 
Russians  have  for  two  centuries  bran  very  slowly  filling  the  better  parts 
of  Siberia.  Whether  in  any  case  of  dispersion  the  migrating  popula- 
tion becomes  fused  with  that  which  it  finds,  depends  chiefiy  on  the  dif- 
ference between  the  l^vel  of  civilization  of  the  two  races.  Between 
the  English  settlers  in  North  America  and  the  native  Indians  there 
has  been  hardly  any  mixture  of  blood;  between  the  French  in  Canada 
and  the  Indians  there  was  a  little  more;  between  the  Spaniards  and  the 
less  barbarous  inhabitants  of  Mexico  there  has  been  so  much  that  the 
present  Mexican  nation  is  a  mixed  one,  tite  native  blood  doubtless  pre 
dominating.  Something  however  also  depends  on  the  relative  num- 
■bers  of  the  two  races;  and  sometimes  religion  keeps  a  dispersed  people 
from  commingling  with  those  among  whom  it  dwells,  as  has  happened 
in  the  case  of  tlie  Jews,  tho  Armenians,  and  the  Parsees.  These  last 
are  a  remarkable  instance  of  an  extremely  small  nation — for  there  are 
not  80,000  of  them  all  told — n  ho,  without  any  political  organization, 
have,  by  virtue  of  their  religion,  preserved  their  identity  for  more  than 
a  thonsand  years.  Disijersion  has  been  the  most  widely  operative  form 
of  migration  in  modern  times  which  have  enabled  remote  parts  of  oar 
large  world,  separated  by  broad  and  stormy  seas,  to  be  colonized  more 
easily  than  in  the  tiny  world  of  ancient  or  mediieval  times  was  poasible 
either  by  laud  or  by  sen. 

3.  The  third  form,  which  we  may  call  Permeation  or  Assimilation, 
is  not  in  strictness  a  form  of  migration  at  all, because  it  may  exist  where 
the  number  of  persons  changing  their  dwelling-place  is  extremely  small ; 
but  it  deserves  to  be  reckoned  with  the  other  two  forms  because 
it  produces  effects  closely  resembling  theirs  in  altering  the  char- 
acter of  a  population.  I  use  the  term  Permeation  to  cover  those 
instances,  both  numerous  and  important,  in  which  one  race  or  nation 
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SO  spreads  over  auotber  rac«  or  natioii  its  language,  its_  literature, 
its  religion,  it»  lustitutions,  ita  custoius,  or  some  one  or  more  of 
tbese  sources  of  influence,  as  to  impart  its  own  character  to  the  nation 
so  influenced,  and  thus  to  sabstitate  ita  own  for  the  original  type.  Id 
soch  a  process  the  infusion  of  new  blood  from  the  stronger  people  to 
the  wealier  miiy  be  comparatively  slight,  yet,  if  sufficient  time  be 
allowed,  the  process  may  end  by  a  virtual  identification  of  the  two.  Of 
course,  when  there  is  much  intermarriage,  not  only  does  the  change 
proceed  faster,  but  it  tells  on  the  permeating  as  well  as  on  the  perme- 
ated race.  The  earliest  recorded  instance  of  this  difiTtision  of  a  civiliza- 
tion with  little  immixture  of  blood  ia  to  be  found  in  the  action  of  the 
Greek  language,  ideas,  and  manners  ui>on  tlie  countries  roundthe  east- 
ern half  of  tlie  Mediterranean,  and  x)ni'ticularly  npou  Asia  Minor. 
Tbc  native  languages,  to  some  extent,  held  their  ground  for  a  while  in 
the  wilder  parts  of  the  interior,  but  tlie  up|)er  classes  and  the  whole 
type  of  culture  became  everywhere  Hellenic.  In  the  same  way  the 
Itomans  Romanized  Gaul  and  Spain  and  the  more  fertile  regioasof 
Korth  Africa.  In  the  same  way  the  Arabs,  in  the  centuries  immedi- 
ately after  Mohammed,  Arabized  not  only  Egypt  and  Syria,  but  the 
whole  of  North  Africa  down  to  and  including  the  maritime  parts  of 
Morocco,  and  ba^o  in  later  times,  though  to  a iiir  smaller  extent,  estab- 
lished the  influence  of  their  language  and  religion  on  the  coasts  of 
East  Africa  and  in  parts  of  the  East  Indian  Archipelago.  There  ia 
reason  to  believe,  though  our  data  are  scanty,  that  in  somewhat  simi- 
lar way  the  Aryan  tribes,  who  entered  India  at  a  very  remote  time,  dif- 
fused their  language,  religion,  and  customs  over  northern  Hiudustaa 
as  far  as  the  Bay  of  Bengal,  changing  to  some  extent  the  dark  races 
whom  they  found  in  iwssession  of  the  country,  but  being  also  so  com- 
mingled with  those  more  numerous  races  as  to  lose  much  of  their  own  ' 
character.  Hindnisin  and  languages  derived  from  Sanskrit  came  to 
prevail  from  the  Indus  to  the  Brahmaputra,  although  it  would  seem 
that  to  the  east  of  the  Jumna  the  proportion  of  Aryan  intruders  was 
very  small.  We  ourselves  in  India  are  giving  to  the  educated  and 
wealthier  class  so  much  that  is  English  in  the  way  of  ideas  and  litera- 
ture, that  if  the  process  continues  for  another  century,  our  tongue  may 
have  become  the  lingva  frant'a  of  India,  and  our  type  of  civilisation 
have  extinguished  all  others.  Yet  if  this  happens  it  will  happen  with 
no  mixture  of  blood  between  the  European  and  the  native  races,  possi- 
bly with  little  social  intimacy  between  them.  The  instances  just  men- 
tioned show  in  what  difl'erent  ways  and  varying  degrees  assimilation 
may  take  plat^e.  In  some  of  them  the  assimilated  race  still  retains-a 
distini;t  national  character.  The  Moor  of  Morocco,  for  instance,  differs 
from  the  Arab  much  as  the  Greek -speaking  Syrian  and  the  Latin-speak- 
ing Lusitanian  differed  from  a  Greek  of  Attica  or  a  Boman  of  Latium. 
But  the  Finnish  tribes  of  northern  and  eastern  Bussia,  Voguls,  Tchere- 
misses,  Tchuvasses,  and  Mordvins,  who  have  been  gradually  Busaified 
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during  the  last  two  centuries,  are  oa  tlieir  way  to  become  practically 
andi still guishable  from  the  trae  Slavonic  Russians  of  Kieff,  And,  to 
come  nearer  home,  the  Celts  of  Cornwall  have  been  anglicized,  and 
those  of  the  Highlands  of  Scotland  have  in  many  districts  become 
ast^imilated  to  the  Lowland  Scotch,  with  do  great  intennixture  of  blood. 
It  is  worth  whiletobeexact  in  distinguishing  this  process  of  Permea- 
tion from  cases  of  Dispersion,  because  the  two  often  go  together-^that 
is  to  say,  the  migration  of  a  certain,  though  perhaps  a  small,  number 
of  persons  of  a  vigorous  and  masterfutraceintoa  territory  Inhabited  by 
another  race  of  less  force,  or  x>erhaps  on  a  lower  level  of  culture,  is  apt 
to  be  followed  by  a  predominance  of  the  stronger  type,  or  at  any  rate 
by  such  a  change  in  the  character  of  the  whole  population  as  leadsmen 
in  later  times  to  assume  that  the  number  of  migrating  persons  mast 
have  been  large.  The  cases  of  the  Greeks  in  Western  Asia  and  the 
Spaniards  in  the  New  World  are  in  point.  We  talk  of  Asia  Minor  as 
if  it  had  become  a  Greek  coantry  under  Alexander's  successors,  of 
Mexico  and  Peru  as  Spanish  countries  after  the  sixteenth  century,  yet 
in  both  instances  the  native  population  must  have  largely  preponder- 
ated. If  therefore,  we  were  to  look  only  at  the  changes  which  the 
speech,  the  cQstoms,  the  ideas,  and  institutions  of  nations  have  nnder- 
gone,  we  might  be  disposed  to  attribute  too  much  to  the  mere  move- 
ment of  races,  too  little  to  the  influences  which  force  of  character, 
fertility  of  intellect,  and  command  of  scientific  resourcehave  exercised, 
and  are  still  exercising,  as  the  leading  races  become  more  and  more  the 
owners  and  rulers  of  the  backward  regions  of  the  world. 

II. — CAUSES    OP   MIGKATHm. 

We  may  now  pro<^eed  to  inquire  what  have  been  the  main  causes 
to  which  an  outflow  or  an  overflow  of  population  from  one  region  to 
another  is  due.  Omitting,  for  the  present,  the  cases  of  small  colonies 
fouiHled  for  S{>ecial  purposes,  these  causes  may  be  reduced  to  three. 
They  are  food,  war,  and  labor.  These  three  correspond  in  a  sort  of  a 
rough  way  to  three  stages  in  the  progress  of  mankind,  the  first  belong- 
ing especially  to  his  savage  and  semi -civilised  conditions,  the  second  to 
that  in  which  he  organizes  himself  in  political  communities,  and  uses  his 
organization  to  prey  ujKtnor  reduce  to  servittideliis  weaker  neighbors; 
the  third  to  that  wherein  industry  and  commerce  have  become  the  rul- 
ing factors  in  Lis  society  and  wealth  the  main  object  of  hisefforts.  The 
correspondence  however  is  far  from  exact,  because  the  need  of  subsist- 
ence remains  throngb  the  combative  and  industrint  periods  a  potent 
cause  of  migration,  while  the  love  of  war  and  plunder,  active  even 
among  savages,  is  by  no  means  extinct  in  the  mature  civilization  of 
today. 

1.  In  speakingof  food,  or  rather  the  want  of  food,  aa  a  cause,  we  must 
include  several  sets  of  cases.  One  is  that  in  whicli  sheer  hunger,  due 
perhaps  to  a  drought  or  a  hard  winter,  drives  a  tribe  to  move  to  some 
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Dew  region  where  tha  beaats  of  ehaae  are  more  DamemoR,  or  the  pas- 
tures are  not  exhaosted,  or  a  more  copious  rain-fall  favors  agriculture.' 
Anotber  is  that  of  a  tril>e  iDcreasing  so  fast  that  the  pre-esistiog  lueaus 
of  subsistence  no  longersuffieeforits  wants.  AndathmliKtUatwhere, 
wbetlier  or  not  famine  be  present  to  spur  its  actioo,  a  people  coocviTes 
the  desire  for  life  in  a  richer  soil  or  a  more  genial  climate.  To  one  or 
other  of  these  cases  we  may  refer  nearly  all  the  movements  of  popula-- 
tiotis  in  primitive  times,  the  best  known  of  which  are  those  which 
brought  the  Teutonic  aud  Slavonic  tribes  into  the  Roman  Empire. 
They  had  a  hard  life  in  northern  and  eastern  Europe;  their  natural 
growth  exceeded  the  resources  which  their  pastoral  or  village  area  eup- 
plied,  and  when  once  one  or  two  had  begun  to  press  upon  their  neigh- 
bors, the  disturbance  was  felt  by  each  iu  succession  until  some,  pushed, 
up  against  the  very  gates  ofthe  Empire,  found  those  gates  undefended, 
entered  the  tempting  countries  tbatlay  towards  the  Mediterranei>n  and 
the  ocean,  and  drew  otherson  to  follow.  Of  modern  instances  themost 
remarkable  is  the  stream  of  emigration  which  began  to  swell  out  of  Ire- 
land ftfler  the  great  famine  of  1846-'47,  and  which  has  not  yet  ceased 
to  flow. 

Among  civilized  peoples  the  same  force  is  felt  iu  a  slightly  differ- 
ent form.  As  population  increases  the  competition  for  the.  means  of 
livelihood  becomes  more  intense,  while  at  tbesametime  the  standard  of 
comfort  tends  to  rise.  Hence,  those  on  whom  the  pressure  falls  heav- 
iest (if  they  are  not  too  shiftless  to  move),  and  those  who  have  the 
keenest  wish  to  better  their  condition,  forsake  their  homes  for  lands 
that  lie  under  another  sun.  It  is  thus  that  the  Russian  peasantry  have 
been  steadily  moving  from  the  north  to  the  south  of  European  Russia, 
till  they  have  now  occupied  the  soil  down  to  the  very  foot  of  the  Cau- 
casus tor  some  5()0  miles  from  the  point  they  had  reached  a  century  and 
ahidf  ago.  It  is  thus  that,  on  a  smaller  scale,  the  (!reek  speaking  j>op- 
ulation  of  the  west  coast  of  Asia  Minor  is  creeping  eastward  up  thfi 
river  valleys,  aud  betf  inning  tore-colonize  the  interior  of  that  once  proa- 
))erous  region.  It  is  thus  that  North  America  and  Australasia  have 
been  filled  by  the  overflow  of  Europe  during  the  last  sixty  years,  for 
before  that  time  thegrowthof  the  United  States  and  of  Canadahad  been 
mainly  a  home  growth  from  the  small  seeds  planted  two  bundretl  years 
earlier.  That  the  mere  spirit  of  enterprise,  apart  from  the  increase  of 
population,  counts  for  little  as  a  cause  of  migration,  seems  to  be  shown 
not  only  by  the  slight  outflow  from  Europe  during  last  century, but  by 
the  fact  that  France,  where  the  population  is  practically  stationary, 
sends  out  no  emigrants  save  a  few  to  Algeria,  while  the  steady  move- 
ment from  Norway  and  Sweileu  does  little  more  than  reUevetbe  natural 
growth  of  the  popnliition  of  those  countries.     As  regards  Euroxtean 

■  A  BOCceHsiou  (if  dry  seaaons,  which  mny  merely  ilimiulsli  the  liarveHtfl  of  tLose 
ho  inliaVit  tolerahly  humid  regiuni,  will  proihice  Biich  n  famine  iu  the  inner  pnrta 
a  cuntineot  like  Asia  aa  to  force  the  people  tn  seek  some  hetter  dwelliug-plftce. 
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emigration  to  America,  it  in  worth  uotiiig  tliat ' daring  the  laat  thirty 
years  it  has  been  steadily  exteudiug,  not  only  eastward  toward  the 
inland  parts  of  Europe,  but»1so  downward  in  the  scaleof  civilization, 
tapping,  so  lo  »peak,  lower  and  lower  ntrata.  Between  1S40  and  1850 
the  Itow  towanl  America  was  chiefly  from  the  British  Isles.  From  1849 
onward,  it  began  to  be  considerable  from  Germany  nlno,  and  very 
shortly  afterward  from  Scandinavia,  reaching  a  figure  of  hnndreds  of 
thousands  from  the  Kuropeaii  continent  in  each  year.  From  Germany 
the  migratory  tendency  spread  into  Bohemia,  Moravia,  Poland,  and  tbe 
other  Slavonic  regions  of  the  Austro-Hangarian  monarchy,  as  well  as 
into  Italy.  To-day  the  people  of  the  nnit«d  States,  who  had  welcomed 
indnstrious  Germans  and  hardy  Scandinavians  because  both  madegood 
citizens,  become  daily  more  restive  under  the  ignorant  and  semi-civil- 
ized masses  whom  Central  Europe  flings  upon  their  shores.  At  the 
other  end  of  the  world,  tlie  vast  emigration  from  China  is  partly  attrib- 
utable to  the  need  ot  food;  but  to  this  I  shall  recnr  presently  when  wt 
come  to  S[teak  of  labor. 

2.  The  second  of  our  causes  is  war.  In  early  times,  or  among  the  ruoe 
peoples,  it  in  rather  to  be  called  plunder,  for  most  of  their  wars  were 
undertaken  less  for  permanent  conquest  than  for  booty.  The  invasions 
of  Britain  by  the  English,  of  Gaul  by  the  Franks,  of  England  and  Scot- 
land by  theNorHcmen  and  Danes,  all  began  with  mere  piratical  or  raid- 
ing expeditions,  tliongh  ending  in  considerable  transfers  of  population. 
The  same  may  l>e  aaiil  of  the  conquest  of  Pegu  and  Arakan  by  the  Bur- 
mese in  the  Inst  century,  and  {to  a  smaller  extent)  of  that  southward 
movement  of  the  wild  Chin  and  Kachtn  tribes  whom  our  present  rulers 
of  Burroah  find  so  troublesome.  It  was  in  war  raids  that  the  movement 
of  the  Bantu  races  to  the  southernmost  parts  of  South  Xfrica,  where  they 
have  so  largely  displace<)  the  yellowish  Hottentot  race,  seems  to  have 
begun.  Sotbe  conqaests  of  Egypt  and  Persia  by  the  first  successors 
of  the  Prophet,  so  the  conquests  of  Mexico  and  Peru  by  the  Spaniards, 
though  tinged  with  religious  propagandism,  were  primarily  expeditions 
in  search  of  plunder.  This  character,  indeed,  belongs  all  through  to 
theSpanish  migrations  to  the  New  World.  Apparently  few  iwople  went 
from  Spain  meaning,  like  our  colonists  a  century  later,  to  make  a  living 
by  tbeir  own  labor  from  the  soil  or  from  commerce,  which,  indeed,  the 
climate  of  Central  and  South  America  would  have  rendered  a  more  dif- 
ficult task.  They  went  to  enrich  themselves  by  robbing  the  natives  or 
by  getting  the  precious  metals  from  the  toil  ot  natives  in  the  mines,  a 
form  of  commercial  enterprise  whose  methods  made  it  scarcely  distin- 
guishable from  rapine.  In  modern  times  the  discovery  of  the  precious 
metals  has  helped  Ut  swell  the  stream  of  immigration,  as  when  gold 
was  discovereil  in  Culifornia  in  1846  and  in  Australia  a  little  later;  but 
ill  these iustamos,  though  enrichment  is  the  object,  rapine  is  no  longer 
the  means.  There  are,  however,  other  senses  in  which  we  may  call  war 
a  source  of  movements  of  races.  It  was  military  policy  which  planted 
the  Saxons  in  Transylvania  and  the  French  in  Lower  Canada,  and  the 
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Scotch  aod  Eoglisli  settlers  in  the  lower  andioore  fertile  parts  of  Ulsier; 
it  is  military  policy  which  baa  settled  Russian  coloDies,BOinetiinea  tinned, 
sometimesof  agricultural  di88ent«rs,aloiiftheTraiis-<-aaca8ian  frontiers 
aud  on  the  farther  shore  of  the  Gaspinn.  It  was  military  policy  which 
led  Shalmaneiter  and  Kebuchadnezsar  to  carry  off  large  parts  of  the 
people  of  Israel  and  Jadah  to  settle  them  in  the  cities  of  the  Medes  or 
by  the  waters  of  Babylon,* 

As  regards  the  more  regular  conquests  made  by  civilized  states  in 
modern  times,  Such  as  those  of  Finland,  Poland,  .Transcaucasia,  and 
Trauscaspia  by  Russia,  of  Bosniaand  Herzegovina  by  AuRtria,of  India 
and  Cape  Colony  by  Great  Britain,  of  Cochin  China  and  Aimam  by 
France,  it  may  be  said  that  they  seldom  result  in  any  cntisiderahle  trans- 
fer of  population.  Such  effects  as  they  have  are  rather  due  to  that 
process  of  Permeation  which  we  have  already  considered. 

3.  Labor  (i.  e.,  the  need  for  labor)  becomes  a  potent  cause  of  migrations 
in  this  way — that  the  necessity  for  having  in  particular  parts  of  the 
world  men  wlio  can  undertake  a  given  kind  of  toil  under  given  climatic 
conditions  draws  such  men  to  those  conntriea  from  their  previous  dwell- 
ing place.  This  set  of  cases  differs  from  the  casesof  migrations  in  search 
of  subsistence,  because  the  migratiug  population  may  have  been  tolera- 
bly well  off  at  home.  As  the  food  migrations  have  Iteen  described  as  an 
outflow  from  countries  overstocked  with  inhabitants,  so  in  these  cases 
of  labor  migration  what  we  remark  is  (he  iuHow  of  masses  of  men  to  fill 
a  vacuum — that  is,  to  supply  the  absence  in  the  country  to  which  they 
move  of  the  sort  of  worki^ople  it  requires.  However,  it  often  happens 
that  the  two  phenomena  coincide,  the  vacuum  in  one  country  helping 
to  determine  the  direction  of  the  influx  from  those  othercountiies  whose 
population  is  already  su[>ernbuiidant.  This  has  happened  in  the  case 
of  the  most  remarkable  of  such  recent  overflows,  that  of  the  Chinese 
overthe  coasts  and  islandi*  of  the  Pacific.  The  need  of  Western  America 
for  cheap  labor  to  make  railways  and  to  <;ultivate  large  areas  just 
brought  under  tillage,  as  well  as  to  supply  domestic  service,  <lrew  the 
Chinese  to  California  aud  Oregon,  and  but  for  the  stringent  prohibitions 
ot  recent  legislation  would  have  brought  many  thousands  of  them  into 
the  Mississippi  Valley.  Similar  conditions  were  drawing  them  in  great 
numbers  to  Australia,  and  especially  to  North  Queensland,  whose  cli- 
mate is  too  hot  for  whites  to  work  in  the  fields;  bnthere,  also,  the  influx 
has  been  stop[>ed  by  law.  Ten  ortwelve  years  ago  they  were  beginning 
to  form  so  considerable  a  proportion  of  the  population  of  the  Hawaiian 
Isles  that  public  opinion  there  comjielled  the  sugar  planters  to  cease 
importing  tliem,  and,  in  order  to  balance  them,  Portuguese  labor  was 
brought  from  the  Azores,  and  Japanese  from  Japan.  Into  Siani  and 
the  Malay  Peninsula,  and  over  the  Eastern  An'hipelngo,  Chinese  niigra- 

*  So  the  SiBmese,  after  iheir  conquest  of  TeiiMReriDi,  ciirriecl  off  niany  of  the  Talfliii 
popnlstion  bd<1  settled  tliem  near  llougkok,  where  tbey  remain  tm  ft  iligtiact  populft' 
tion  to  thitt  day. 
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tiou  goes  on  steadily;  and  it  seems  not  im[>robable  that  in  time  this 
element  may  be  the  prevailing  one  in  the  whole  of  the  Indo-China  and 
the  adjoining  islands,  for  the  Cbiuese  are  not  only  a  more  prolific  bat 
altogether  a  stronger  and  hardier  stock  than  either  their  relatives  the 
Shans,  Burmese,  and  Annamese,  or  their  leas  imme<liate  neighbors  the 
Malays.  If  in  the  distant  future  there  comes  to  be  a  time  in  which 
the  weaker  races  having  been  trodden  down  or  absorbed  by  the  more 
vigorous,  few  are  left  to  strive  for  the  mastery  of  the  world,  the  Chinese 
will  be  one  of  those  few. '  Kone  has  a  greater  tenacity  of  life. 

Not  unlike  tlieae  Chinese  migrations,  but  on  a  smaller  scale,  is  that 
of  Saothala  to  Assam,  and  of  South  Indian  coolies  to  Ceylon  (where  the 
native  population  was  comparatively  indolent),  and  latterly  to  the  isles 
and  coasts  of  the  Carribbeau  Sea.  Here  there  has  been  a  deliberate 
importation  of  laborers  by  those  who  needed  their  labor ;  and,  although 
the  laborers  have  intended  to  return  homo  after  a  few  years'  service, 
and  are  indeed  under  British  regulations,  supplied  with  return  passage 
tickets,  permanent  settlements  are  likely  to  result,  for  the  planters  of 
Oniaoa,  for  instance,  have  little  prospect  of  supplying  themselves  in 
any  other  way  with  the  means  of  working  their  estates.  The  coolies 
would  doabtless  be  brought  to  tropical  Australia  also,  but  for  the  dis- 
like of  the  colonists  to  the  regulations  insisted  on  by  the  Indian  Govern- 
ment; so  instead  of  them  we  see  that  importation  of  Pacific  islandersinto 
I4orth  Queensland  which  isnow  a  matter  of  so  much  controversy.  Under 
very  difterent  conditions  we  find  the  more  spontaneous  immigration  of 
French  Canadians  fnto  the  northern  United  States,  where  they  obtain 
employment  in  the  factories,  and  are  now  becoming  ]>ermaiiently  resi- 
dent At  first  they  came  only  to  work  till  they  had  earned  something 
wherewith  to  live  better  at  home;  but  it  constantly  happens  that  such 
temporary  migration  is  the  prelude  to  permanent  occupation.  So  the 
Irish  reapers  used  to  come  to  Bngland  and  Scotland  before  the  migra- 
tion from  Ireland  to  the  English  and  Scottish  towns  swelled  to  great  pro- 
portions in  1847,  The  Italians  who  now  go  to  the  Argentine  Itepublic 
less  frequently  return  than  did  their  pi-edecessors  of  twenty  years  ago. 

In  alt  these  instances  the  transfer  of  population  due  to  a  demand  for 
labor  has  been,  or  at  least  has  purported  to  be,  a  voluntary  transfer. 
But  by  far  the  largest  of  all  such  transfers,  now  happily  at  an  end,  was 
involuntary — I  mean  that  of  Africans  carried  to  America  to  cultivate 
rhe  soil  there  for  the  benefit  of  white  iiroprietors.*     From  early  in  the 

*  I  do  not  dwell  on  the  alave  trade  in  ancient  timwi,  becaase  wo  bave  no  truat- 
worthj  data  as  to  its  extent;  bat  tbere  can  be  no  duabt  that  vast  numbers  of  bar- 
bariane  Crma  the  west,  nortU,  nod  east  of  Italy  and  Greece  were  brongbt  in  dariug 
five  or  six  centiirits,  and  they  must  have  ecnaibly  changed  the  character  of  tbe 
population  of  the  roantrica  round  the  Adriatic  and  ,Egean.  Here  of  course  there 
was  no  question  of  climate,  but  slavea  were  caught  because  their  captors  did  not 
wish  to  work  tbeniselves.  The  slave  trade  practiced  by  the  merchants  of  Bristol 
.before  the  Norman  Couquest  und  that  practiced  by  the  Turkoman,  recently,  resem- 
ble these  ancient  fonus  of  tbe  practice. 
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Bizteentli  century,  when  the  destruction  oT  tlie  native  Indinna  by  their 
SpaniKli  tiiAkiniuters  in  tbe  Antilles  stArted  the  slave  trade,*  down  to 
our  own  time",  when  sIuveiH  still  occasioDally  landed  their  cargoes  in 
Brazil,  the  number  of  negroes  earried  from  Africa  to  America  mnst  be 
reckoned  by  many  millions.  In  1701  it  was  estimated  that  60,000ivere 
carried  aniiaally  to  tbe  West  Indies  alone.  The  change  effected  may 
be  measured  by  the  fact  that  along  the  southern  coasts  of  North 
America,  in  the  West  India  islands,  and  in  some  districts  of  Brazil 
the  negroes  tbnu  tbe  largest  part  of  the  po|)ulation.  Their  total  nam- 
ber,  which  in  tbe  United  States  alone  exceeds  7,000,000,  can  not  be  less 
than  fi-om  13,000,000  to  16,000,00<».  They  increase  rapidly  in  Sonth 
Carolina  and  the  Gulf  States  of  the  Union,  are  stationary  in  Mexico 
and  Peru,  and  in  Central  America  seem  to  diminish.  Though  some 
have  suggested  their  re-migration  to  Africa,  there  is  not  the  slightest 
reason  to  think  that  this  will  take  place  to  anysppreciableexteuf.  On 
the  other  band,  it  is  not  likely  that  they  will,  ex<-ept,  perhaps,  in  the 
unsettled  tropical  interior  of  the  less  elevated  parts  of  South  America, 
spread  beyond  the  area  which  they  now  occupy.  The  slave  trade  is 
unfortunately  not  yet  extinct  on  the  east  coast  of  Africa,  but  it  has 
caused  so  comparatively  slight  a  transfer  of  population  from  that  con- 
tinent tQ  Arabia,  tbe  Turkish  dominions,  and  Persia  as  not  to  require 
discussion  here. 

Before  quitting  this  part  of  tbe  subject  a  passing  reference  maybe 
made  to  two  other  causes  of  migration,  which,  though  their  etl^scts 
have  been  comparatively  small,  are  not  without  interest — religion  and 
thelove  of  freedom,  Keligion  baa  operated  in  two  ways.  Sometimes 
it  has  led  to  the  removal  of  persons  of  a  particular  faith,  as  in  the  case 
of  the  expulsion  of  the  Jews  from  Spain  by  Perdtnandand  Isabella, 
the  Catholic,  an  event  which  affected  not  only  Spain  but  Europe  gen- 
erally, by  sending  many  capable  Spanish  Jews  to  Holland  and  others 
to  the  Turkish  East.  Similar  motives  led  Philip  III  to  expel  the  Moris- 
coes  in  A.  I>.  1609.  The  present  Jewish  emigration  from  Russia  is  also 
partially,  though  only  partially,  traceable  to  this  cause.  In  another 
class  of  cases  religion  has  been  one  of  the  motive  forces  in  prompting 
war  and  conquest,  as  when  the  Arabs  overthrew  the  dominions  of  the 
Sas.sanid  kings,  overran  the  eastern  part  of  the  East  Koman  Empire, 
subjugated  North  Africa  and  Spain;  and  also  in  the  case  of  the  Spanish 
conquests  in  America,  where  the  missionary  spirit  went  band  in  hand 
with,  and  was  not  felt  to  be  incompatible  with,  the  greed  of  gold  and 
tbe  harshest  means  of  satisfying  it.    The  latest  American  instance 

'The  flmt  iiPgroes  vers  brought  from  Morocco  to  Portugal  in  1442,  soon  afl«r 
which  thej-  be)i;>tn  to  lie  brought  in  large  nurnliera  from  the  Cininea  ci>ast§.  There 
were  already  sonie  in  HiBpauiolain  1502;  ami  after  J517  tlie  trade  from  Al'rica  Menis 
tn  have  set  in  regularly,  though  it  did  not  became  large  till  a  still  later  date.  Liu 
Caaaa  lived  to  liitt-urly  repent  the  qnaliRed  approval  he  had  given  tu  it,  in  the 
interests  of  the  aborigiiiea  of  the  AntilleB,  whom  labor  in  the  mines  ya»  BWiftlj 
leBtrayini^;  bat  it  in  a  complete  error  toaacribe  iut  origin  to  hini. 
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may  be  fouiul  in  tb«  o<:€UpatioD  and  goverDoient  ot  Paraguay  by  the 
Jesuits.  Finally,  we  sometiinea  Bud  religious  feeling  the  cause  of 
peaceful  emigi-atious.  The  case  wbicti  lias  proved  of  most  bistorical 
sigoificatice  ia  tbxt  of  tbe  Puritan  settlement  in  Massachusetts  and 
Connecticut;  among  those  of  less  note  may  be  reckoned  tlie  flight  of 
tbe  Persian  fire  worshippers  to  Western  India;  tbe  Huguenot 'set- 
tlements in  Brazil  and  on  tbe  soutbeastern  coast  of  North  America, 
destroyed  soon  after  their  foundation  by  the  Portuguese  and  Spaniards, 
and  tbe  later  flight  of  the  French  Protestants  after  tbe  revocation  of 
tbe  edict  of  Nantes ;  tbe  emigration  of  tbe  Ulster  Presbyterians  to  tbe " 
United  States  in  last  century;  the  foundation  of  various  German 
colonies  at  Tiflis  and  other  pliices  in  the  Russian  dominions.*  Nor 
ought  we  to  forget  one  striking  instance  of  espiitriation  for  the  sake 
of  freedom — that  of  tbe  petty  chieftains  of  Western  Norway,  who  set- 
tled Iceland  iu  the  ninth  century  to  escape  the  growing  power  of  King 
Harold  tbe  Fairbaired. 

III. — CHANNELS  OF  MIGRATION. 
From  this  political  side  of  our  subject  we  return  to  its  physical 
aspects  in  considering  tbe  lines  which  m'gration  has  tended  to  follow. 
The^e  have  usually  been  the  lines  of  least  resistance,  t.  e.,  thoise  in 
which  the  fewest  natural  obstacles  in  tbe  way  of  mountaius,  deserts, 
seas,  and  dense  forests  have  had  to  be  encountered.  The  march  of 
warlike  tribes  in  early  times  and  the  movements  of  groups  of  emi- 
grants by  land  in  modern  timei^  have  generally  been  along  river  valleys 
and  across  tbe  lowest  and  easiest  passes  iu  mountain  ranges.  The 
valley  of  the  lower  Danube  has  for  this  reason,  from  tbe  fourth  century 
to  tbe  tenth,  an  immense  bistorical  importance,  for  it  was  along  its 
levels  that  tbe  Huus,  Avars,  and  Magyars,  bcMides  several  of  tbe 
Slavonic  tribes,  moved  iu  to  occupy  the  countries  between  tbe  Adriatic 
and  tbe  Theiss.  While  the  impassable  barrier  of  tbe  Himalaya  baa  at 
all  times  prevented  any  movements  of  population  from  Tibet  and 
Eastern  Turkistao,  tbe  passes  to  tbe  west  of  the  Indus,  and  es])ecially 
the  Khaiber  and  tbe  Bolan,  have  given  access  to  many  invading  or  ' 
immigrating  masses,  irom  tbe  days  of  tbe  primitive  Aryans  to  those 
of  Ahmed  Shah  Durani  in  last  ceutury.  So  in  Europe,  tbe  Alpine 
passes  have  bad  much  to  do  with  directing  the  course  of  streams  of 
invaders  to  Italy.  So  iu  North  America,  while  the  uortbern  line  of 
settlement  was  indicated  by  tbe  valley  of  St.  Lawrence  and  tbe  Great 
Lakes,  tbe  chief  among  the  more  southerly  lines  was  that  from  Vir- 
ginia into  Tennessee  and  Kentucky  over  tbe  Oumt>erIand  Onp,  long 
the  only  practicable  route  iicross  tbe  middle  Allegbanies. 

■The  Tiflis  (lermaus  left  WUrlemberg  in  order  t«  avoiil  the  nae  of  an  obnuiiuus 
byoiu  book.  Tbo  Menuouites  went  to  Sontheru  RiiBHiA  to  i-ncape  mUitory  service, 
but  the  promiBe  mmlo  tu  tbetn  by  Catherine  II  bna  recently  hcea  broken,  and  tbey 
have  lately  been  departing  to  America  lest  they  should  be  compelled  to  serve  in  tbe 
HoMian  army. 
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Of  migrations  by  sea  it  haa  already  beeo  remarked  that  owing  to 
improvements  iu  n;kvigatiun,  they  bivvo  now  become  practically  iiide- 
pendeiitof  distanceor  atiyotbei' obstacle.  In  earlier  times  also  tbey 
played  a  considerable  part,  but  only  in  the  case  of  stK'h  seafaring  i>eoples 
as  tbe  Phenicians,  tbe  (ireeks,  and  the  Northmen, — iustauces  in  which 
the  niimberof  persons  transferred  mast  have  l>een  comparatively  small, 
though  the  historical  results  were  profound.  Those  which  uiost  nearly 
apiiroach  the  cliaraetcr  of  national  movements  were  the  transfer  of  a 
vigorous  Phenician  slioi>t  to  Carthage,  of  a  mass  of  Greek.s  to  South 
Italy  and  Sicily,  and  of  the  Jute*,  Saxons,  and  Angles  to  Britain. 

Tbe  most  important  physical  factor  in  determiuinglines  of  movement 
has,  however,  been  climate.  Speaking  broadly,  niigration  follows  the 
parallels  ol  latitude,  or  more  precisely,  the  lines  of  equal  mean  tem- 
perature, and  not  so  much,  I  think,  of  mean  annual  heat  as  of  uiean 
winter  beat.  Although  the  inhabitants  of  cold  climates  often  evince  a 
desire  to  move  into  warnierones,  they  seem  never  to  transfer  themselves 
directly  t<i  onediflferinggreatly  from  that  to  which  they  are  accustomed; 
while  no  people  of  the  tropics  has  ever,  so  far  as  I  know,  settled  in  any 
part  of  the  temperate  zone.  Tliere  is  one  instance  of  a  north  Europeau 
race  establishing  itself  on  the  sonthcrn  shores  of  the  Mediterranean — 
the  Vandals  in  North  Africa;  and  the  Bulgariaus  came  to  tbe  banks 
of  tbe  lower  Danube  from  the  still  sterner  winters  of  the  middle  Volga. 
But  in  the  few  cases  of  imrthward  movement,  as  in  that  of  the  Lapps, 
tbe  cause  lies  in  tbe  irresistible  pressure  of  stronger  neighbors;  and 
probably  a  simihir  pressure  drove  tbii  Fuegiana  into  their  inhospitable 
isle. 

Tlie  tendency  to  retain  similar  climatic  conditions  is  illustrated  by 
tbe  colonization  of  North  America.  The  Spaniards  and  Portnguese 
took  the  tropical  and  subtropical  regions,  neglecting  the  cooler  parts. 
The  French  and  the  English  settU^d  in  the  temperate  zone;  and  it  was 
not  till  this  century  that  the  country  toward  the  Gulf  of  Mexico  began 
to  be  occupied  by  incomers  from  the  Carolintis  and  northern  Georgia. 
When  tbe  Scandinavian  immigration  began,  it  flowed  t<i  the  northwest, 
and  has  filled  tbe  States  of  Wisconsin,  Minnesota,  and  Dakota.  And 
wbeu  the  Icelanders  sought  homos  in  tbe  New  World,  tbey  chose  tbe 
northernmost  place  they  rould  find  by  the  shores  of  Lake  Winnipeg, 
iu  Manitoba.  So  tbe  internal  movements  of  population  within  tbe 
United  States  have  been  along  the  ]mrallels  of  latitude.  The  men  of 
New  England  have  gone  west  into  New  York,  Ohio,  and  Michigan, 
whence  their  children  have  gone  still  farther  west  to  IHinois,  Iowa, 
Oregon,  and  Washington.  Similarly  the  overflow  of  Virginia  poured 
into  Kentucky  and  Tennessee,  and  thence  into  soutbeni  Illinois  and 
Missouri;  while  it  is  chiefly  fh>m  the  Carolinasthat  Georgia,  Alabama, 
Mississippi.  Arkansas,  and  Texas  have  been  RPttIe4l.  Tbe  present  negro 
emigration  from  the  eastern  States  of  the  S<mth  is  into  Arkansas  and 
Texas.     Oregon  is  tbe  only  >'ortliern  State  that  has  received  any  coo- 
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diderable  number  of  iininigr.kDts  from  tlic  old  slave  States;  and  western 
Oregon  enjoys,  in  i-e.s|iG('t  of  its  maritime  iMaition,  an  equable  climate, 
with  wiutera  milder  tliau  those  of  Missouri. 

IV. — THE    LAKnEB   HKKIES   OF    MIGBATIONS. 

Withont  attempting  to  present  a  t-bronological  view  of  tlie  prin- 
cipal migrations  by  which  the  population  of  the  world  has  been  shifted, 
I  will  attempt  to  indicate  very  briefly  the  main  epoehs  at  which  tlicae 
have  been  most  frequent  or  most  important.  They  may  be  classed  in 
five  groups,  corres)K»nding  to  live  iieriods  in  tlie  history  of  thoite  parts 
of  the  worhl  of  wliieb  we  possess  a  history.  The  first  epoch  covers  pre- 
historic times,  times  known  to  us  only  by  faint  traditions  and  by  the 
resnlts  of  philological  and  archieologieal  inquiry.  We  arc  able  to  say 
that  oertJiiu  movements  of  rncea  did  take  place  before  the  d;ito  of  our 
earliest  written  records,  but  unable  to  fix  tliesemoveinents  to  any  point 
of  time.  TIma  there  ia  reason  to  believe  that  the  Celtic  races  advanced 
from  east  to  wi'st,  partly  forcing  into  corners,  partly  fusing  with,  that 
earlier  jiopulation  of  Uaul  and  Britain  which  is  usually  called  Iberian, 
and  of  which  the  llnsqnes  nro  supposed  to  he  representatives.  Thus 
the  Etruscans  descended  from  the  Alp.s  into  middle  Italy,  as  the  ant-es- 
tors  of  the  Latins  and  Sabellians  would  appear  to  have  done  at  an 
earlier  date,  it  seems  probaI)le  that  the  Nlavs  and  Letts  cinnc  to  the 
Oder  and  the  V^istnla  from  the  southeast,  liecent  philological  researttli 
lends  weight  to  the  view  that  the  Plirygian,s  and  the  Armenians,  h;>th 
races  of  tlie  linlo-Kuroiiean  family,  were  originally  settled  in  south- 
eastern Europe,  aud  crossed  the  Bosphorus  into  the  seats  where  authen- 
tic history  finds  them.  At  some  remote  but  quite  undetermined  time 
Aryan  invaders  entered  northwestern  India,  and  slowly  spread  to  the 
south  and  east  from  the  Punjab;  while,  at  a  still  earlier  cjMioh,  another 
race  coming  from  the  west  jiasscd  through  Behicliistan  (wlieie  it  has 
left  a  trace  of  its  passage  in  the  language  spoken  by  the  Brahuis)  and 
moved  southeastward  into  the  Dekkan  and  southern  India,  in  which 
its  four  great  allied  tongues,  those  wu  call  Dravidian,*  aro  now  spoken 
by  nearly  30,000,000  people.  Nor  have  we  any  materials  for  ascertain- 
ing the  time  at  which  the  Polynesian  Islands  were  occupied  by  the  two 
races,  the  brown  and  the  black  or  negi-oid,  which  now  inhabit  them, 
and  both  of  which  seem  to  have  come  from  the  ICiist  Indian  Archipelago, 
passing  from  isle  to  isle  in  their  canoes  against  the  trade  winds  that 
blow  from  the  American  coast.  Finally,  it  is  to  prehistoric  and  prob- 
ably to  very  remote  times  that  belongs  the  settlement  of  the  two 
American  continents  by  immigrants  from  Asia,  immigrants  who  appear 
to  havecrosseil  Bering  Straits,  or  made  their  way  along  tlie  line  of  the 
Aleutian  Isles,i  and  thence  to  have  slowly  drifted  southward  from 

'Tamil,  Telngii,  Canareite,  anil  Mal&yalani. 

ISoiii"  recent  writers  mimld  refiT  (he  I'litraiice  of  the  iireseiit  American  raceH  into 
their  contiuent  to  a  period  so  reiuutu  as  tbut  iu  wMub  .^ia  was  joined  by  dry  laud 
to  America. 
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Alaska  to  Tittrra  del  Fuego.  Tbat  the  process  of  settliug  these  vast 
areas  must  have  t»keu  an  enormoas  space  of  time  is  proved,  not  ouly 
by  the  arch leological  evideucedrawn  from  Iiumau  bones  aad  other  r^cs 
of  primitive  man,  but  also  by  the  great  differences,  both  physical  and 
lingaistic,  between  the  various  American  races — differences,  however, 
vhicfa  are  nowise  iucom|>atible  with  the  doctrine  of  a  common  Asiatic 
origin. 

The  first  migrations  of  which  we  have  distinct  hiat^nical  evidence, 
besides  those  of  the  Phcuicians  and  Israelites,  are  the  movement  of 
the  Dorians  into  Peloponnesus  and  of  the  ^olians  and  lonians  to  the 
west  coast  of  Asia  Minor.  Somewhat  later,  in  the  seventh  century-, 
B.  c,  collisions  seemed  to  have  occurred  among  the  nomad  tribes  to  the 
north  of  the  Black  and  Caspian  seas,  which  led  to  the  irruption  of  a 
people  called  Cimmerians,  who  advanced  as  far  as  Ephesus,  and  part 
of  whom  seem  to  have  jtermanently  settled  on  the  soath  coast  of  the 
Enxine,  and  of  a  host  of  Scythians  who  ravaged  Western  Asia  for 
many  years,  and  were  bought  off  by  King  Psammetichus  on  the  fron- 
tiers of  Egypt.  Whether  any  [>ermaneitt  settlements  followed  these 
irruptions  does  not  ap|>ear,  but  they  are  interestiug  as  the  first  of  tlie 
many  instances  in  which  the  roving  people  of  the  steppe  have  descended 
on  the  settled  States  to  the  south,  carrying  slaughter  and  rapine  in 
their  train. 

Passing  over  such  minor  disturbances  of  popniation  as  the  Celtic 
occupation  of  North  Italy  and  of  that  part  of  Asia  Minor  which  from 
them  took  the  name  of  Ualatia,  and  passing  over  also  the  premature 
desccntof  the  Cimbri  and  the  Teutones  into  the  Roman  world  in  the  days 
of  Marius,  who  slaughtered  them  at  Aix  {in  Provence)  and  VerccUi,  we 
arrive  at  the  third  great  epoch  of  movement — that  which  the  Germans 
call  par  excellence  the  wandering  of  the  jjeoples  (Viilkerwanderung). 
The  usual  account  describes  this  movement  to  have  begun  from  the 
nomnds  of  Mongolia,  living  near  the  Great  Wall  of  China,  one  tribe 
aggressing  on  or  propelling  another,  until  those  who  dwelt  westward 
near  the  Caspian  precipitated  themselves  on  the  Ooths,  then  occupy- 
ing the  plains  of  the  Dnieper  and  Dniester,  and  drove  them  across  the 
Danube  into  the  Roman  Empire.  Whether  this  was  the  originating 
cause,  or  whether  it  is  rather  to  be  sought  in  a  lack  of  food  and  the 
natural  increase  of  the  tribes  between  the  Baltic  and  the  Enxine,  there 
certainly  did  begin  with  the  crossing  of  the  Danube  by  the  Goths,  in 
A.  D.  377,  an  era  of  unrest  and  displacement  among  all  the  peoples 
from  the  Caspian  to  the  Atlantic,  which  did  not  end  till  the  destruction 
of  the  Scandinavian  power  in  Ireland  at  Olontarf,  in  1014,  and  the 
rolling  back  of  the  great  Norwegian  invasion  of  England,  at  Stamford 
Bridge,  in  106C.  The  Goths,  the  Vandals,  Snabiaos,  Burgundiuns, 
Franks,  Saxons,  Lombards  settled  in  various  provinces  of  the  Roman 
Empire  and  founded  grcit  kingdoms.  Minor  tribes,  such  as  the  Alans, 
Kugiaus,  and  Herulians,  moved  hither  and  thither,  without  ofl'ecting 
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any  distioct  aud  pcrniaueiit  settlemeDt.  A  vast  mnltitade  of  Hans 
ranged  acroas  Cetitrnl  Earojte,  can-yiog  destrnction  as  far  as  tlie  Seine. 
Various  Slavonic  tribes  occupied  tlie  conutries  along  the  Danube  and 
tlieeastcoastoftlie  Adriatic;  tbey  even  fltled  the  isles  lying  off  tlie 
Dalmatian  coast  (where  only  Slavouic  is  now  spoken),  and  descended 
into  Greece,  in  tiie  modern  population  of  which  they  form  a  large  el*"- 
ment.  The  Bulgarians,  a  Finnish  people  trom  the  Volga,  settled  among 
the  Danabian  Slavs  and  adopted  their  language,  while  the  Avars, 
penetrating  farther  west,  held  the  great  Hungarian  plaiu  for  two  cen- 
turies. Last  of  all,  at  the  end  of  the  ninth  century,  came  the  Magyars, 
another  Finnish  tribe,  who  retained  their  old  language  and  have  played 
a  brilliant  part  in  history.  A  century  before  they  eut«red  Hungary, 
the  Norsemen  and  Danes  had  beguii  those  piratical  expeditions  which 
ultimately  turned  into  migrations,  largely  changing  the  population  of 
eastern  Britain  aurl  of  northern  France.  At  one  moment  the  North- 
men of  Iceland  seemed  on  the  point  of  spreading  fi'om  their  settlement 
on  the  coast  of  East  Greenland  into  North  America,  where  they  made 
descents  at  points  the  most  southern  of  whivh  have  been  plausibly 
conjectureil  to  lie  in  Massachusetts  or  Long  Island.  These  expeditions 
met  with  so  much  resistance  from  the  natives  that  the  idea  of  perma- 
nent settlement,  apparently  for  a  time  entertained,  was  abandoned. 
The  Norsemen  had  not,  like  the  Spaniards  fivecentaries  later,  and  the 
English  of  the  seventeenth  century,  the  advantage  of  firearms,  and 
they  came  front  a  very  small  nation,  which  could  not  afford  to  waste 
its  men;  so  this  case  has  to  be  added  to  that  list  of  attempted  coloniza- 
tions which  might,  like  the  settlement  of  the  PhocEeaiis  in  (Jorsica  and 
the  Huguenots  in  Brazil,  have  changed  the  course  of  history  had  they 
but  prospei-ed.  These  seven  centuries  of  unrest  left  no  population  in 
Europe  unchanged,  and  gave  birth  not  only  to  the  states  and  nations 
of  the  middle  ages  and  the  modern  world,  but  to  modern  civilization  as 
a  whole,  creating  new  tongues  and  new  types  of  culture  from  the  mix- 
ture of  the  intruding  raceH  with  the  provincial  subjects  of  Rome, 

The  fourth  group  of  migrations  overlaps  in  time  that  which  we  have 
justbecD  considering,  and  in  three  countries  overlaps  it  also  in  space — 
viz,  ill  North  Africa,  in  Spain,  and  in  the  Thraco-Danubian  lands. 
But  its  origin  was  wholly  distiuct  and  its  chara^iter  different.  It  begins 
with  the  outbreak  of  tlie  Arabs  from  their  remote  peninsula  imme- 
diately after  the  death  of  Mohammed — we  may  date  it  from  the  first 
defeats  of  the  Komans  in  Syria  in  A..  D.  632,  and  of  the  Persian  in  A.  D. 
6:i-~i — and  it  did  not  qnito  end  till  the  cession  of  Podolia  to  the  Turks, 
ten  centuries  later,  in  A.  D.  1095.  It  changed  the  face  of  Western  and 
Southern  Asia,  as  the  Vtilkerwanderuug  changed  that  of  Europe,  yet 
it  involved  far  leas  transfer  of  population,  and  worked  more  by  way  of 
permeative  conquest  than  of  migration  proiier.  The  Arabs  spread 
over  Irak,  Egypt,  Syria,  North  Africa,  Sicily,  and  the  Iberian  penin- 
sula; twice  they  laid  their  grasp  on  the  southeastern  coruei-s  of  Gaul. 
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Tlieir  new  religion  gave  ao  Arab  tinge  to  the  literature  aurt  habits  of 
Persia  and  Western  Turkistaii;  ilw  influence  is  strong  to-d»y  in  the 
Kast  Indian  Arcliipelngo  and  ou  the  coasts  ol'  East  Africa,  as  -weW  as 
in  the  vast  inland  region  from Timbuctoo  to  Somali  Laud.  After  thoir 
conquering  force  had  fully  spent  itself,  the  initiative  passed  to  the 
Turks,  and  an  infusion  of  Turkoman  blood  and  Musselman  ideas  heli)e<l 
to  transmute  the  former  subjects  of  the  East  Roman  Empire  in  Asia 
[Uid  Europe  into  the  so-called  Ottomans  of  to-day.  The  wave  has  for 
two  centuries  been  visibly  receding.  Since  1878  we  have  seen  the 
Mohaniinedan  Beys  retiring  ft-om  Bosnia  as  they  retired  thirty  years 
ago  from  Servia;  the  Circassians,  and  still  more  recently,  some  of  the 
tribes  of  Daghestan,  have  gone  forth  from  their  mountain  homes;  the 
Poniaks  are  beginning  to  leave  Bulgaria;  it  is  probable  that  in  forty 
years  more  hardly  a  Musselman  will  be  left  on  European  soil,  unless 
the  jealousies  of  European  puners  should  still  kee|)  the  barbarian 
enthroned  in  Constantinople.  Not  less  remarkable  than  the  movement 
of  the  Arabs  to  the  Oxus  and  the  Tagus,  and  of  the  Turk  from  the 
Oxus  to  the  Adriatic,  was  the  movement  of  the  races  trom  beyond  the 
Indus  and  the  Hindu  Kush  into  India.  The  irraptious  which  begiu 
with  the  exiwdition  of  Mahmnd  of  (ihazni  in  the  eleventh  ceutory 
brought  some  of  the  mixed  Central  Asiatic  races,  who  passed  as 
Moguls,  and  a  probably  greater  number  of  Pathans  (Afghans)  into 
Upper  India,  in  parts  of  which  they  sensibly  affected  the  character  of 
the  population.  Here  too,  more  was  done  in  the  way  of  assimilative 
influence  than  by  an  infusion  of  blood,  for  the  Musselmau  bands  car- 
ried their  religion  to  the  shores  of  the  Bay  of  Bengal  and  far  into  the 
Dekkan ;  they  introduced  a  new  and  splendid  style  of  building  and  an 
exquisite  richness  of  decoration ;  their  deeds  were  recorded  by  the  Hrst 
regular  chroniclers  of  India.  In  a  fourth  region,  that  of  the  countries 
north  of  the  Black  Sea,  the  irruptions  of  Ziiighis  Khan  and  his  sons 
brought  about  some  permanent  changes.  But  it  is  doubtful  how  far 
the  presence  of  such  Tartar  and  Mongolic  tribes  as  still  remaiu  in  the 
Crunea  and  along  the  Volgo  is  due  to  those  invasions;  and  since, 
whatever  their  coii8equen<!es  may  have  been,  they  are  not  due  to  Islam, 
for  the  Mongols  were  heathen,  they  do  not  fall  withiu  the  grouii  of 
migrations  we  are  now  considering. 

The  fifth  group  begins  with  the  discovery  of  America  in  1492,  if  we 
ought  not  rather  to  date  it  from  the  first  long  voyages  of  the  Portu- 
guese, opening  with  the  passage  of  Cape  Bqjador  in  1435  (under  an 
English  captain)  and  culminating  in  the  rounding  of  the  Cajte  of  Good 
Hope  and  opening  of  the  sea  route  to  India,  by  Bartholomew  Diaz  in 
Umi,  followed  by  Vasco  de  Gama's  voyage  to  Malabar  twelve  years 
later. 

Fonr  great  eras  of  settlements  belong  to  this  group.  The  first  is 
that  of  the  Spaniards  and  Portuguese  in  tropical  America;  the  sec- 

td  is  that  which  brings  the  negroes  horn  Africa  to  Americaj  the 
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third  is  the  (rolonizntion  of  the  tetniwrate  parts  of  the  North  American 
coast  by  the  lilii^lish,  French,  and  Dutch  in  the  SBveoteenth  ceutiiry; 
the  fourth  in  the  immense  outflow  from  Europe,  not  only  to  America 
but  also  to  Australasia,  and — in  a  much  smaller  degree — to  South  Afrioa, 
anoverflowniainlydueto  theprogres3of  physical  science;  fli'stly,in  intro- 
ducing the  use  of  steiim  for  ocean  voyages,  anil,  secondly,  in  so  acceler- 
ating the  growth  of  population  in  Kurope  that  the  impulse  toward  less 
crowded  lands  hecame  stronger  than  ever  before.  Tiie  scale  of  this 
outHow  of  the  last  seventy  years  has  been  far  larger  than  that  of  any 
previous  time,  and  has  indeed  become  possible  only  because  ocean 
transit  is  now  so  swift,  safe,  ami  cheap.  The  export  of  Chinese  to 
America,  and  of  Indian  isoolies  to  and  fro  in  the  tropics,  is  in  hUe  man- 
ner attributable  to  the  cheapness  with  which  they  can  now  be  carried 
for  long  distances,  as  well  as  (in  the  case  of  the  coolies)  to  the  increased 
demaiiil  for  tropical  products  which  the  growth  of  population  and  of 
wealth  tu  the  north  tenipernte  zone  has  creat<>d. 

v.— THE   COREELATIONS   OF    MIGRATION. 

Among  the  many  questions  suggested  by  the  facts  we  have  noted, 
I  will  advert  to  two  or  three  only. 

One  of  these  bears  on  the  analogy  between  the  migrations  of  man- 
kind and  those  of  other  animals  and  of  plants.  If  the  majority  of  our 
geologists  are  right  in  holding  that  man  existed  in  those  very  remote 
times  in  which  great  changes  of  climate  were  still  taking  place,  tlje 
analogy  must  then  have  been  close.  Races  of  men  may,  in  paheollthic 
times,  have  moved  northward  or  southward,  accoi'ding  to  the  recession 
or  advance  of  the  great  ice  sheet  that  once  covered  the  northern  part 
of  the  north  temperate  zone,  just  as  we  know  that  animals  moved,  and 
just  as  we  find  tliat  certain  species  of  plants  have,  in  our  latitude, 
sometimes  occupied  the  low  country,  and  sometimes  retired  to  sub- 
arctic regions  or  ascended  to  the  tops  of  the  loftiest  monntains.  It 
has  been  lately  maintained  that  the  Eskimo  of  Ari'tic  America  are 
the  descendants  of  the  Cave  men  of  Biitain  and  France,  driven  north 
many  thousands  of  years  ago  by  the  growing  mildness  of  the  climate. 
We  know  that  changes  in  the  level  of  the  sei*  have  produced  revolu- 
tions in  the  fauna  and  flora  of  countries,  not  only  by  alTe<:ting  the 
course  of  ocean  currents,  and  thereby  the  climate,  hut  also  by  bringing^ 
when  lands  formerly  separated  l)ecame  ])arts  of  the  same  continent, 
siiecics  ftom  one  land  to  another,  where  the  incomers  overpowered  or 
expelled  the  old  inhabitants,  or  became,  under  new  conditions  and 
through  the  struggle  between  com|ieting  species,  themselves  so  modi- 
fied as  to  pass  into  new  forms.  If  man  existed  at  a  time  so  distant  as 
that  wherein  Bering  Straits  and  the  North  Sea  and  part  of  the  Medi- 
terranean were  dry  land,  we  may  conjecture,  from  the  influence  of  these 
physical  changes  upon  the  animal  and  vegetable  world,  what  their 
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influence  may  have  been  npon  him  in  exusing  tribes  to  move  from  place 
to  place,  and  in  bringing  about  alteratiuns  of  racial  types. 

The  geological  record  aupplie-s  ample  evidencehow  greatly  the  species 
of  aoimals  and  plants  have  transferred  themselves  from  one  dwelling 
place  to  another  in  distant  ages.  The  horse,  in  his  earlier  forms,  waa 
aboiidant  iu  America,  but  he  vanished  chere,  and  had  been  long  extinct 
when  the  Spaniards  of  Oortez  won  Mexico  by  the  terror  he  inspired. 
The  camel,  it  appears,  was  originally  a  New  World  beast,  and  the 
gigantic  Sequoia,of  Calitbrnia,  a  European  tree.  But  it  is  seldom  that 
we  are  able  to  fix  the  causes  which  havebrought  about  these  transfer- 
ences. And  even  with  regard  to  those  comparatively  few  migrations  of 
animalswiiichhaveoccurredwithinrecenttimes  it  is  seldom  that  any  pal- 
pably oi)erative  ground  canbeassigned.  The  latest  instance  of  any  coq- 
siderable  migration,  apart,  of  course,  from  tbeagencyorman,i8theiuva- 
sion  of  Europe  by  the  brown  rat,  a  native,  it  seems,  of  Ea-st  Central 
Asia,  which  hds  practically  expelled  tlie  black  rat  from  Europe,  just  as 
the  latter  has  been  ejecting  weaker  rodents  IVom  Soath  America. 

In  prehistoric  times  the  movements  of  animals  must  have  frequently 
told  upon  miin.  It  appears  that  some  centuries  before  our  colonists 
entered  North  America  the  Imffajo  had  begun  to  move  eastward  from 
the  prairie  highlands  in  and  near  the  liocky  Mountains  toward  the 
Mississippi ;  and  inorder  to  tempt  him  still  farther  eastward  the  Indians 
began  to  bnrn  the  forests  which  covered  its  bunks  and  those  of  the 
Ohio  River  in  what  are  now  the  States  of  Illinois,  Indiana,  and  Ken- 
tucky. The  abundance  of  animal  food  tlius  brought  within  their  reach 
seems  to  have  checked  the  progress  of  the  tribes  in  the  arts  of  seden- 
tary life,  throwing  them  back  into  the  stoge  of  linnters. 

Since  man,  in  his  advancing  civilization,  has  begun  to  domesticate 
animals  and  to  understand  how  to  impixtve  the  soil  and  make  full  use  of 
Its  capacities,  tlie  chief  transfers  of  animals  and  plants  to  new  regions 
have  been  due  to  bis  action.  He  has  i>eopled  tlie  New  World  and 
Australasia  with  the  horses,  cattle,  and  sheep  of  Kurope,  turning  to 
account  tracts  which  might  otherwise  have  remained  a  wilderness.  The 
trees  he  has  brought  from  (tistant  regions  have  sometimes  grown  to  for- 
ests and  changed  the  as|>ect  of  whole  conntries.  Thus,  the  tops  of  the 
Neilgherry  hills  in  Soutlieru  India  have  nearly  lost  their  beautiful 
aucieut  woods,  and  are  now,  since  the  English  took  them  in  hand,  cov- 
ered with  the  somber  Eucalyptug  and  Aeacia  mefanoxylon  fi-oni  Austra- 
lia, or  with  plantations  of  tea  from  China,  or  of  quinine  from  Paraguay. 
The  landscape  of  Egypt,  as  we  see  i(,must  be  quite  different  iroui  that 
which  Moses  or  Herodotus  saw ;  for  most  of  the  trees  belong  to  species 
which  were  then  unknown  on  the  Nile.  Many  creatures  and  many 
plauts  have  also  followed  man  without  his  will.  The  rats  which  oar 
ships  carry,  and  the  mosquitoes  whoso  eggs  lurk  in  the  water  barrels, 
find  their  way  to  land  and  [ilague  new  countries ;  the  English  sparrow 
is  now  a  nuisance  iu  North  America,  though  less  pernicious  than  the 
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Englisli  rabbit  in  Australia.  Species  of  slirubs  and  herbaceoas  plants, 
the  seeds  of  most  uf  them  brought  accidentally  from  America  or  Asia, 
buve  tbrico  oveiriiii  the  Hawaiian  Islands,  so  that  the  present  vegeta- 
tion of  the  group  is  largely  different  from  that  which  Cook  found  little 
more  than  a  centnry  ago.  Thus  the  migrations  of  men,  which  nature 
once  governed,  have  now  come  to  be  followed  by  those  of  other  crea- 
tures, and  are  the  sonroe  of  many  a  change  upon  the  face  of  nature 
heraelf. 

VI.— INKLUBNOES   RBSVLTING   FROM  MIGRATION. 

If  we  ask  what  has  been  the  result  of  the  changes  we  have  been 
considering  on  the  political  organizations  of  mankind,  and  on  the  types 
of  human  culture,  the  answer  must  unquestionably  be  that  they  have 
become  fewer  and  fewer.  From  the  beginning  of  authentic  history  the 
process  of  reducing  the  uumber  of  tribes,  of  languages,  of  independent 
political  communities,  of  forms  of  barbarism  or  of  civilization,  has  gone 
on  steadily,  and  indeetl  with  growing  speed.  For  many  parts  of  the 
vorld  our  data  do  not  go  far  back.  But  if  we  take  the  part  for  which 
the  data  are  mo:(t  complete,  the  basin  of  the  Mediterranean,  we  RnA 
that  now  there  arc  only  nine,  or  at  the  most  teu,  languages  (excluding 
mere  dialects)  spoken  on  its  coasts,  while  the  number  of  States,  count- 
ing Montenegro,  Kgypt,  Malta,  and  Morocco  as  States,  is  ten.  In  the 
time  of  Herodotus  there  must  have  beeu  at  least  30  languages,  while 
the  independent  or  semi- independent  tribes,  cities,  and  kingdoms  were 
beyond  all  comparison  more  numerous.  The  result  of  migrations  has 
beeu  to  overwhelm  the  small  tribes  and  merge  them  in  larger  aggre- 
gates, while  the  process  of  permeation,  usually,  though  not  always,  a 
seijuel  of  conquest,  has  assimilated  even  those  amoug  whom  no  consid- 
erable number  of  intruders  came.  Sometimes  the  mere  contiguity  of 
the  new  and  stronger  raee  extinguishes  the  weak  one,  as  iu  the  ease  of 
the  Tasinanian  aborigiuea.'  But  more  IWjnently  the  weaker  is  simply 
absorbed  into  and  accepts  the  language  and  general  type  of  the 
stronger,  which  is  not  necessarily  the  more  gifted  or  the  more  civili7.ed; 
and  thus  Britain  has  become  Anglicized,  the  Celtic  population  retain- 
ing its  languages  and  some  of  its  distinctive  marks  only  in  western 
and  mountainous  corners;  thus  the  Wends  of  North  Germany  have 
been  Germanized,  thus  the  Laps  of  the  extreme  north  of  Europe  are 
being  absorbed  by  the  Norwegians,  Finns,  and  ttussians;  thus  some  of 
the  Albanian  clans  are  being  Hellenizcd ;  thus  the  Talains  of  Pegu  are 
becoming  merged  in  the  Burmese,  as  possibly  the  latter  may  ultunately 
be  in  the  Chinese.  The  remarkable  thing  is  that  neither  this  blending 
of  races,  nor  the  transfer  of  races  to  new  climatic  and  economic  condi- 
tions, tends  to  develop  new  types  to  anything  like  the  same  extent  as 

'  So  tbo  (iuaiiohea  of  Teiierife  soon  ilisappenri'd  as  (i  iliatinol  race,  thoiij^Ii  aome  of 
tlivtr  b1oo:l  ri^rDiiins;  bd  the  Miiriries  und  iintivo  Hawaiians  have  become  greatly 
reduced  in  numbers,  and  are  likely  to  become  before  long  extinct. 
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it  destroys  the  old  ones.  The  t'rowii  is  allowed  to  create  one  uew  Irish 
peerage  for  every  tbree  tbat  die  out.  Saturt;  uses  iier  prerogative  far 
more  Bpariogly;  she  does  not  produce  a  new  type  for  tcu  tbat  vanish. 
Since  the  nations  of  modern  Europe  took  their  present  distinct  charac- 
ters n-ith  tbeir  languages  and  their  local  seals  between  the  sixth  and 
the  eleventh  centuries,  no  new  nation  has  appeared  in  Euroiie,  nor  is 
there  now  the  least  likelihooil  that  any  will.  Neither  has  the  settle- 
mentof  European  man  in  the  New  World  wrought  any  marked  changes 
in  national  types  even  when  there  has  been  ablood-mingliug  on  a  great 
scale.  The  average  Mexican,  who  is  by  extraction  more  than  half  an 
Indian,  is  for  most  practical  purposes,  religions,  social,  aud  ethical,  a 
Spaniard.  The  man  of  rennsytvania  or  Ohio  is  still  more  palpably  an 
Euglishmiin,  nor  does  the  immense  infusion  of  Irish  and  German  blood 
seem  likely  to  affect  the  Anglo-American  type  as  it  fixed  itself  a  cen- 
tury ago.  Nothing  shows  more  clearly  the  strength  which  a  well-estab- 
lished racial  character  has  than  the  fa^'t  that  .the climatic  aud  economic 
conditions  of  America  have  so  little  alteretl  tlie  English  settlers  in 
body,  so  comparatively  little  even  in  mind.  Nothing  better  illustrates 
the  assimilative  i>ower  of  a  vigorous  community  than  the  way  in  which 
the  immigrants  into  the  United  States  melt  like  sugar  in  a  cup  of  tea, 
and  see  their  children  grow  up  no  longer  (jermans  or  Norwegians,  or 
even  Irish  or  Italians  or  Czechs,  but  Anglo-Americans.  With  the 
negroes,  on  the  other  hand,  there  is  jiractically  no  admixture;  and  so 
far  as  can  be  foreseen  they  will  remain,  at  least  in  the  sub-tropical  parts 
of  the  South,  distinctly  African  iu  their  phy.-sical  and  mentalchantcter- 
istics  for  centuries  to  come.  The  same  remark  holds  true  of  the  white 
and  bla^'k  races  in  South  Africa,  whei'e  the  process  of  Idoml  mixture, 
which  went  on  to  some  extent  between  the  Dutch  aud  the  Hottentots, 
has  all  but  stopped. 

Will  this  process  of  extiuguishnig  and  assimilating  the  weaker 
nationalities  and  their  types  of  culture  continue  into  a  distant  futuret 
Have  those  movements  of  population  which  have  been  hitherto  so 
powecful  afa^-tor  in  that  process  nearly  reached  their  limit  1  Since  a 
time  long  before  the  dawn  of  history  the  various  races  seem  to  have 
been  always  in  an  unsbible  equilibrium,  some  constantly  pressing  upon 
others,  or  seeking  to  escape  from  crowded  into  vacant,  from  cold  or 
sterile  into  more  genial  or  more  fertile,  lauds.  Is  the  time  near  at  hand 
when  they  will  have  settled  down  in  a  permanent  fashion,  just  as  our 
globe  itself  has  from  a  gaseous  state  soliiUfied  by  the  combination  of 
its  elements  into  its  present  stable  form ! 

Over  large  parts  of  the  earth  this  time  seems  already  within  a 
measurable  distance.  Nearly  all  of  the  north  teini>erate  zone,  except 
parts  of  southwestern  and  southeastern  Siberia  (especially  along  the 
lower  Amour),  and  parts  of  Western  Canada,  is  now  occupied,  and 
most  of  it  pretty  thickly  occupied.  Districts  there  are  which  may  be 
more  closely  packed:  the  Western  United  States,  for  instance,  though 
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all  the  best  IhdiI  has  nlrpady  been  t»keu  up,  can  support  a  far  lar^r 
populatiou  thai)  they  now  bave,  and  tlie  same  may  he,  said  of  large 
tracts  along  the  Alleghanies.  But  the  attractions  to  emigrants 
become  daily  slighter  as  the  conditions  of  agriculture  grow  Icsn  favor- 
able through  the  inferior  quality  of  the  untouched  land  and  theappnjach- 
ing  eshaastion  of  that  which  has  been  tilled  for  two  or  three  decades, 
not  to  speak  of  that  vast  natural  increase  of  the  population  already  on 
the  spot,  which  IntensiBes  the  competition  for  employment.  We  may 
conjecture  that  within  the  lifetime  of  persons  now  living  the  outflow 
from  Europe  to  North  America  will  have  practically  stopped.  A  some- 
what longer  time  will  be  required  to  till  not  only  the  far  less  attractive 
parts  of  Northern  Asia  I  have  mentioned,  but  also  such  scantily 
inhabited  though  once  flourishing  regions  as  Ania  Aiinor,  Mesopotamia, 
and  Persia,  because  a  more  torrid  sun,  and  atrocious  niisgovernmeDt', 
keep  these  regions,  so  to  speak,  out  of  the  market.  In  the  Southern 
Hemisphere,  whose  land  area  is  I'ar  smaller,  there  arc  the  temperate 
districts  of  Australia  and  South  Africa,  of  which,  so  far  as  our  present 
knowledge  extends,  no  very  large  part  has  moisture  enough  t«  be 
available  for  tillage;  while  in  South  America  there  are  La  Plata, 
northern  Patagonia,  and  the  highlands  of  Bolivia,  Peru  and  E<niador.* 
The  elevation  above  the  sea  of  these  latter  tracts  gives  them  a  tolera- 
ble climate,  but  their  wealth  lies  chiefly  in  minerals,  and  the  parts 
which  are  both  healthy  and  fit  for  agriculture  are  of  comi»aratively 
small  extent.  There  remain  the  trapics.  Vast  regions  of  the  tropics 
are  at  present  scantily  peopled.  Mostof  cquatoriitl  Boutli  America  is  a 
forest  wilderness.  Much  of  tropical  Africa — where  it  is  not  condemned 
to  sterility  by  the  want  of  water — seems  to  have  a  population  far 
below  what  it  could  supjiort,  owing  not  merely  to  the  wars  and  slave 
raids  which  devastate  the  country,  but  also  to  the  fact  that  jieoples 
uuskilled  in  tillage  can  not  make  the  soil  yield  anything  like  its  full 
return  of  crops.  The  same  renjark  applies  to  Borneo,  Celebes,  New 
Guinea,  Luzon,  and  some  of  the  other  isles  of  the  Eastern  Archii>elago, 
among  which  only  Java  has  as  yet  seen  its  resources  duly  developed. 
That  there  will  be  considerable  migrations  and  sbiftings  of  population 
among  the  races  that  now  inhabit  the  tropics  is  probable  enough. 
India  (except  the  central  provinces  and  Assam)  and  China  are  both 
filled  to  overflowing,  and  will  doubtless  continue  to  send  out  streams 
of  emigrants  which  may  in  time  fill  up  the  vacant  spa<!es  in  the  Eastern 
Archipelago,  perhaps  iu  South  America,  i>erhaps  even  in  Africa,  unless 
some  of  its  indigenous  races  should  ripeu  into  a  greater  capacity  for 
patient  and  steady  toil  than  any,  except  the  Egyptian,  has  yet  shown. 
But  none  of  these  tropical  peoples,  save  the  Chinese — for  Japan  lies 
outside  the  tropics— has  a  native  civilization,  or  is  fitted  to  play  any 
part  in  history  either  as  a  conquering  or  as  a  thinking  force,  or  in  any 

'  Tlie  i>levateil  purts  of  <!i|iintorinl  Arrira  aiv  murh  Niunller.  though  possibly  large 
ODOiigh  to  support  a  Europaau  populatiou  of  some  few  millioiiB.  ,  .  , 
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way,  save  as  prwUicers  by  physical  labor  of  material  wealth.  I7oiie  is 
likely  to  develop  toward  any  higher  eoiiditiou  than  that  in  which  it 
now  Btandii,  save  under  the  tutelage,  and  by  adopting  so  mitch  as  ft 
can  of  the  culture,  of  the  five  or  six  Eiiroi>eaD  peoples  which  have 
practically  appropriated  the  torrid  zone,  and  are  dividing  its  resources 
between  them.  Yet  the  vast  numbers  to  which,  under  the  conjoint 
stimuli  of  science  and  peace,  these  inferior  black  and  yellow  races  may 
grow,  coupled  with  the  capacity  some  of  them  evince  for  assimilating 
the  material  side  of  European  civilization,  may  enable  them  to  play  a 
larger  part  in  the  future  of  the  world  than  they  have  played  iu  the 
past. 

It  is,  of  course,  possible  that  the  great  European  peoples,  or  some  of 
them,  may,  after  a  few  generations,  acquire  the  power  of  thriving  in 
the  tropics,  of  resisting  mnlanal  fevers,  and  of  rearing  an  offspring 
which  need  not  be  sent  home  to  a  cold  climate  during  the  years  of  boy- 
hood. We  may  call  it  possible,  because  our  experience  is  still  too 
short  to  jnstify  us  in  calling  it  impossible.  But  it  seems  so  far  from 
probable  that  in  considering  the  future  of  the  leading  and  ruling  races 
of  the  world  we  must  practically  leave  their  permanent  settlement  in 
the  tropics  out  of  the  question,  and  restrict  our  view  to  the  two  tem- 
perate zones.  In  these,  as  has  been  said,  there  is  no  longer  room  and 
verge  for  any  great  further  removal  of  masses  of  men  fW)m  one  country 
U>  another.  If,  indeed,  we  were  merely  to  look  at  a  map  indicating  the 
comparative  density  of  population  iu  Northern  Asia,  Europe,  and 
America,  and  see  how  much  denser  it  is  in  the  agricultural  parts  of 
France  or  Germany,  for  instance,  than  in  Southwestern  Siberia  or  the 
northwest  of  the  United  States  aud  Canada,  we  might  fancy  the  space 
remaining  to  be  sufRcient  for  many  centuries  to  come.  But  if  we  were 
to  compare  such  a  map  of  to-day  with  a  similar  map  of  the  world  in 
1780,  and  note  bow  much  of  what  would  then  have  been  marked  as 
empty  space,  including  all  the  vast  irea  between  the  Alleghanies  and 
the  I'acific,  has  now  been  occupied,  we  shall  realize  the  immense 
advance  that  has  been  made  towanls  the  establishment  of  an  equilib- 
rium of  population  and  the  relative  shortness  of  the  future  during 
which  we  can  look  to  emigration  as  a  remedy  for  the  evils  which  afflict 
the  toiling  masses  of  Europe.  In  this  respect,  as  iu  many  others,  the 
world  seems  to  be  entering  on  a  new  era,  whose  phenomena  will  prove 
unlike  any  that  have  gone  before. 

It  may  be  thought  that  as  migrations  have  been  a  frequent  cause  of 
war  in  the  past,  the  establishment  of  such  un  equilibrium  will  make 
for  peace.  But  it  must  also  be  remembered  that  the  pressure  of  each 
nation  on  its  neighbors,  and  of  the  members  of  each  nation  on  one 
another,  tends  to  grow  more  severe  with  that  severer  struggle  for  sub- 
sistence which  increaains  numbers  involve,  and  which,  after  a  few 
more  generations,  the  outlets  that  now  still  remain  will  no  longer 
relieve. 
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By  Dan:ei,  G,  Bbinton. 


Tlie  Biibject  wlti«li  I  bring  before  you  is  one  whi<-li  I  have  selected  in 
order  to  iniprcHH  upou  you  forcibly  the  true  bi-eadth  juid  full  meaning 
of  tbe  Hcieme  toward  tbe  cultivation  of  which  we  have  assembled  at 
this  time. 

There  is  no  other  word  wliich  so  tborongUly  espresses  tbe  purpose  of 
this  brauch  of  learning  as  that  which  we  have  adopte<i — Anthropology, 
the  science  of  man,  tlie  study  of  the  nature  of  man,  the  search  fur  and 
correct  cspression  of  those  laws,  and  all  the  laws,  whicli  govern  the 
birth,  growth.  developmcDt,  and  decay  of  all  his  tniits,  powers,  and 
faculties. 

Anthropology  means  this,  and  nothing  less  than  this.  Its  motto  is 
that  of  the  character  in  the  Terentiaii  drama — 

It  embraces  everything  and  excludes  nothing  which  ])ertains  to 
humanity,  whether  in  tlie  individual  or  in  his  various  aggregations.  It 
omits  no  part  or  function  of  him  an  unworthy  of  its  notice;  it  admits 
the  existence  of  none  so  superior  or  sacred  as  to  be  beyond  the  pale  of 
its  investigations.  The  field  which  it  goes  forth  t«  reap  is  the  world, 
and  its  harvest  season  covers  all  time  since  man  tir^t  set  foot  upon  it. 

It  is  signally  unfortunate  that  the  full  connotation  of  the  term  has 
not  been  constantly  present  in  the  minds  of  those  who  have  pursued 
the  science.  We  should  not  then  have  witnessed  the  cheerless  spec- 
tacle of  one  school  of  anthropologists  claiming  that  man  is  nothing 
more  than  the  highest  mammal,  and  that  the  study  of  his  anatomical 
and  physiological  relations  exhausts  the  definition  of  their  science,  and 
that  those  who  go  beyond  these  are  merely  '^historians  and  men  of 
letters;"  or  that  of  another  school,  which,  disregarding  tbe  incalcniable 
potency  of  man's  physical  conditions,  seeks  t«  erect  the  science  exclu- 
sively on  the  basis  of  the  products  of  the  mantal  faculties,  his  arts, 
institntions,  religions,  and  languages. 

'Preeiilenti.ilMldreiwIieforotlielnternatLODiilCnDgreMof  AntbropHlogyntCbicago, 
189S.     (From  proceedinffB  of  Ibe  couBTess,  pp.  19-S4. 1  /--^  i 
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Kacli  ia  e<iually  iti  error.  No  correct  iiud  vompreheiiaive  idea  can  be 
formed  of  the  various  elements  which  liave  rendered  man  what  he  is, 
or  iMiy  race  or  stock  of  men  what  it  is,  unless  all  these  phenomena 
receive  due  couHideration,  and  the  various  agencies  which  influents- 
tliein  are  weighed  with  impartial  fairness.  The  historian  must  become 
an  anatomist,  the  nnatomiHt  a  hngnist.  if  he  would  reaeli  positive  resuhd 
ill  this  study. 

You  observe  tliat  the  pi-ogramme  of  this  congress  includes  physical 
anthropology,  archieology,  ethnology,  folk-lore,  religions,  and  linguis- 
tics. It  would  be  an  epoc'h  in  the  history  of  the  science,  a  uotAble 
era  iu  its  development,  if  the  labors  we  are  about  to  enter  upon  should 
lastingly  impress  on  all  who  pursue  this  branch  that  every  one  of  these 
departmentsisequally  important,  that  not  one  of  them  can  be  ueglected 
or  overlooked,  that  the  richest  in  results  is  sl.ill  hut  primus  inter  pares, 
a  brother  among  brethren. 

To  illnstnite  how  closely  the  multitudinous  influences  which  they 
represent  are  woven  together,  and  how  each  be^rs  upon  the  whole 
nature  of  man,  I  shall  consider  with  brevity  iu  what  manner  that  entity 
which  we  call  a  "nation"  api>earB  as  an  element  in  anthropology.  I 
have  been  partly,  though  by  no  means  wholly,  le<l  to  make  this  selec- 
tion l>ecanse  this  particular  question  has  been  much  misnnderstootl  in 
some  ((uarters  and  its  bearings  misconceived.  As  late  as  at  the  con- 
gress at  Moscow  last  year,  a  distingnislied  writer  in  our  branch  of 
science  said,  "  Nationality  has  nothing  to  do  with  anthropology.  It  itt 
a  pro>luct  of  history  and  concerns  history  <inly." 

So  far  fn>m  this  being  correct,  I  shall  endeavor  to  show  that  nation- 
ality has  ever  been  and  is  to-day  an  agent  more  jiowerful  in  modifying 
both  the  physical  and  the  psycliical  elements  of  man  than  either  race, 
climate,  religion,  or  culture;  and  therefore  that  it  must  constantly 
occupy  the  attention  of  the  antliropiilogist,  whether  his  researches  are 
in  the  purely  pliysical  or  in  the  intellectual  fiehla. 

1  desire  to  emphasize  the  fact  that  the  anthn)piilogist  will  never 
fully  comprehend  the  science  which  he  professes  to  follow,  will  never 
attain  the  preception  of  its  whole  significance,  if  he  omits  fVom  it~s 
study,  as  not  pertaining  strictly  to  it,  any  iutluence  whatever  which 
bears  upon  and  modifies  iu  any  direc^tion  the  evolution  of  the  human 
species.  Tliis  the  nation  docs  with  a  directness  and  a  potency  which 
eau  not  be  misunderstfKMl  or  called  in  question. 

Let  us  inquire  what  it  is  we  mean  by  the  expression  "a  i>eople"  or 
"a  nation,"  when  we  use  thesis  terms  as  synonymous.  I  can  find  no 
more  profound  and  true  definition  than  that  given  by  the  most  philo- 
sophic English  poet  of  this  century,  Robert  Browning,  in  these  words: 


The   incoinpleleness   and    iin perfect noss  of  tlie  life  of  the  isolated 
individual,  and  his  conscious  or  unconscious  aspirations  for  completiou 
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and  [lerfection,  are  the  motives  which  have  ever  urged  man  to  esUiblisli 
those  relations  with  hiij  fellows  which  result  in  what  we  call  social  ties 
or  bonds. 

Although  to  the  superficial  observer  these  seem  to  have  been  most 
heterogeneous  and  fortuitous  a  compreheusive  analysis  reduces  them 
to  a  very  few  so  far  as  their  guiding  principles  are  concerned.  Here  as 
elsewhere  in  ethnology  wo  are  impressed  with  the  paucity,  yes,  I  may 
even  say  the  po\  crty,  of  the  lesources  which  have  been  utilized  by  mau 
iu  his  upward  march  to  conscious  culture. 

Wherever  we  find  men  united  t^tgether  under  some  form  of  social 
compact,  we  shall  find  also  that  this  compact  will  fall  under  one  of 
three  categories.  It  itii  based  upon  ooaimuriity,  either  real  or  theoretical, 
of  blood,  of  territoi'ial  area,  or  of  pnr[>ose.  These  three  ibrms  are 
mutually  incompatible;  they  are  exclusive  of  and  in  sharp  contrast 
with  one  another;  they  react  very  difl'ereutly  upon  the  individual  and 
the  race;  and  they  belong  markedly  to  difl'erent  i>eri(>ds  in  the  history 
of  a  people,  to  different  stages  of  its  advancement  in  culture. 

It  may  be  laid  down  as  a  rule  with  few  or  no  exceptionH  that  the 
earliest  form  of  the  social  bond  is  one  of  blood,  of  kinship,  of  con- 
sanguinity and  afUnity.  The  unit  of  the  primitive  horde  is  the  family; 
the  one  cohesive  principle  which  it  recognizes  as  socially  biudiug  is 
purity  of  descent,  the  maintenance  of  the  integrity  of  the  stock,  as  its 
members  understand  it:  Here  then  we  see  a  mighty  influence  at 
work  to  preserve  in  primitive  times  and  conditions  the  unity  of  the 
physical  type.  The  visible  aim  of  communities  in  the  tower  stages  of 
I'ulture  is  to  preserve  at  all  costs  the  characteristics  of  the  race  to 
which  they  belong,  and  the  jiarticular  traits  of  the  variety  of  that  raee 
as  inherited  from  their  ancestors.  This  is  the  guiding  principle  of 
what  is  known  asuiatriarchy  and  the  custom  of  Racing  the  genealogical 
line  through  the  maternal  and  not  through  the  paternal  ancestry. 
Positive  certainty  as  to  parentage  must  in  every  case  be  limited  to  the 
mother,  and  for  that  reason  the  female  line  always  insures  a  higher 
probability  of  purity  of  descent. 

Of  course  the  degree  with  which  the  conservation  of  the  type  was 
really  maintained  under  this  system  depended  on  the  local  laws  or 
customs  regarding  marriage  and  the  iidelity  re»iuired  of  married  women. 
It  is  true  that  in  both  these  respects  there  is  considerable  divergence 
in  early  conditions.  In  some  places  esogamous  marriages  prevailed; 
that  is,  the  wife  must  not  be  an  acknowledged  relation  of  the  husband; 
more  fre(|nently,  marriages  mnst  be  endogamous,  that  is,  she  must  be 
of  his  recoguized  kin;  though  often  this  again  is  limited,  as  that  she 
mnst  not  be  an  offspring  of  the  same  mother,  or  not  be  within  certain 
degrees  of  kinship.  Reminiscences  of  these  restrictions  still  prevail 
in  civilized  comnmnities,  in  the  laws  prohibiting  the  marriage  of  near 
relations,  or,  as  in  England,  prohibiting  marriage  with  a  deceased 
wife's  sistei'. 


..Ckiogle 


592       THE    "  NATION  "  AS   AN    ELEMENT    IN   ANTHROPOLOGY. 

In  apite  of  tbeee  1  imitations,  wbich  differ  widely  in  different  tribes, 
the  general  intlaence  of  the  principle  of  consanguinity  as  the  basis  of 
the  social  compact  unquestionably  aided  through  muntless  ages  to 
individoalize  the  physical  types  of  the  hatnan  species,  and  thus  to 
develop  and  render  permanent  its  races  and  varieties  as  we  now  know 
them. 

So  powerfal  was  this  prejudice  in  favor  of  the  ancej*tral  type,  that  it 
was  a  general  custom  in  primitive  times  to  destroy  at  or  shortly  after 
birth  any  aberrant  types,  and  to  bring  all  into  accord  with  the  tribal 
idea.  For  instance,  in  certain  parts  of  Mexico  there  is  a  tendency  to 
congenital  albinism  in  the  native  imputation ;  and  before  the  conquest  all 
children  displaying  this  tendency  were  sacrificed  to  the  gods  before  the 
age  of  puberty.  Among  the  Papuans,  wlien  a  child  is  born  of  a  lighter 
color  than  the  average  of  the  tribe,  it  is  assi<]uously  held  in  the  smoke 
of  green  branches  until  it  is  taimed  to  the  proper  hue.  Indeed, 
whenever  there  was  any  material  variation  from  the  received  type, 
the  infant  was  sure  not  to  live  to  that  T>eriod  of  life  when  he  or  sbe 
could  transmit  it  to  offspring ;  and  thus  a  potent  factor  in  the  evolution 
of  the  species  toward  modified  forms  vraa  absent  throughout  all  the 
childhood  of  the  human  race,  owing  to  the  conditions  of  the  prevailing 
social  compact. 

The  somatologist  will  object  to  this,  that  in  the  very  earliest  times 
and  within  hmited  areas  we  find  that  a  wide  diversity  of  type  prevailed. 
For  instance,  I  suppose  the  oldest  remains  of  the  human  race  found  up 
to  the  present  have  been  unearthed  in  Western  Europe.  Bat  these 
venerable  relics  show  the  existence  there  in  remotest  times  and  at  no 
great  distance  apart  (Tiot  more  than  a  few  days'  walk  of  an  active 
pedestrian),  ot  men  with  broad  heads,  and  others  with  narrow  heads, 
with  narrow  faces  and  with  wide  faces,  witli  expanded  flat  noses  atid 
with  narrow  aquiline  noses,  of  stature  below  the  medium  and  others 
above  the  medium ;  and  we  may  reasonably  conclude  from  their  descend- 
ants that  some  were  blonds  with  yellow  hair,  while  others  were  swarthy 
brunettes  with  locks  like  the  raven's  wing.  So  that  Prof.  Kollmann, 
who  has  made  this  subject  a  special  study,  can  not  see  his  way  clear  to 
admit  less  than  four  diB'erent  races  struggling  for  the  soil  of  Western 
Europe  in  prehistoric  times. 

Yet  if  we  may  judge  from  some  historic  data  and  all  analogy,  these 
ancient  peoples,  like  all  others,  strove  to  retain  in  its  purity  the  type 
of  their  ancestors  by  a  social  organization  looking  to  that  end. 

Two  customs  prevail  everywhere  in  primitive  life  which  largely 
counteract  the  result  of  consanguine  marriages;  the  one  is  adoptiou, 
the  other  concubinage.  Usually,  in  their  unceasing  wars,  the  males  of 
conquered  tribes  were  killed  and  the  women  taken  as  captives,  thus 
introducing  through  Uie  females  of  another  line  the  peculiarities  of 
their  variety  or  race 

In  some  instance  %  males  were  in  part  preserved  and 
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adopted  into  the  claos  of  the  conqiieriug  tribe,  eitlier  an  members  or  as 
slaves.  lu  either  case  they  led  U*  a  inoditicatiou  of  the  asceiidiint 
type. 

So  varied  were  and  are  the  customs  and  rules  of  primitive  peoples  in 
all  these  respects  that  it  would  be  vain  to  attempt  to  fstabiisli  a  formula 
representing:  the  degi-ee  in  which  the  integrity  of  the  racial  or  ethnic 
type  was  maintained ;  but  the  aim  of  their  iuatitutions  being  always  and 
definitely  this,  we  may  be  sure  that  they  tended  very  iwaitiveiy  to  pre- 
serving the  lineage  undcfiled,  and  to  j>erpetnatiug  the  physical  and 
mental  traits  of  each  commuuity.  When  this  did  not  occur,  it  was  in 
contrH<lictioD  to  the  theory  of  the  social  comjtat-t,  and  arose  fmm  igno- 
ranceof  the  natural  conditions  which  insure  i»erpetuity  of  type,  or  their 
disregard,  owing  to  the  cravings  of  individual  appetite. 

In  entire  contrast  to  all  this  are  both  the  theory  and  the  piactice  which 
we  find  in  the  next  higher  step  in  social  relations,  that  which  has  fur  its 
basis  a  geographical  or  territorial  concept. 

In  this,  it  is  not  the  notion  of  kinship  but  that  of  country  which  is  pre- 
dominant. The  patriot  of  this  ejKich  fights  no  longer  for  his  lineage, 
but  for  his  land,  not  for  bis  relations,  but  for  the  reiUm.  He  expresses 
in  this  the  sentiment  which  actuates  the  nation,  pro])erly  so  called. 
Consanguine  governments  are  tribal  governments;  with  the  birth  of  a 
genuine  uatiouality,  the  family,  the  gens,  the  tribe,  are  all  doomed  to 
disapttear,  nnd  with  them  the  modifying  influences  they  exerted  on  the 
race. 

The  intervening  step  between  the  tribe  and  the  naUon  is  usually  said 
to  be  the  federation,  in  which  several  tribes  agree  to  forget  their  jeal- 
ousies and  unite  in  defense  or  offense.  This  condition  is  transitory,  and 
I  shall  pass  it  by,  in  order  to  consider  the  direct  intluence  of  nationality 
on  those  elements  of  bumao  nature  which  are  the  peculiar  topics  of 
anthro|iologic  science. 

The  first  object  of  nationality  is  unity,  and  this  in  the  fullest  sense  of 
the  term  and  in  all  the  relations  of  national  life. 

Almost  the  very  first  of  its  aims  is  physical  unity.  A  visible  contrast 
between  the  inhabitants  of  different  areas  under  one  rule  is  suggeaf  ive 
to  the  legishitor  of  a  lack  of  harmony  in  other  respects.  The  influence 
of  a  court,  or  of  centralization  generally,  has  ever  been  to  disseminate 
throughout  the  realm  one  standard  of  physical  beauty,  us  also  one  of 
costume  and  deportment :  and  this  irrespective  of  how  many  discrepaut 
varieties  go  to  make  up  the  body  of  the  nation. 

In  this,  as  in  all  other  respects,  the  chief  efforts  of  the  nation  through 
its  nilers  are  directed  towai-d  destroying  those  individual  and  tribal 
traits  which  forms  of  government  based  on  consanguinity  make  it  their 
chief  end  to  cherish. 

This  contrast  presents  itself  early.  We  find  for  instance  that  the 
native  rulers  of  ancient  I'eru,  the  Incas,  were  accustomed,  as  soon  as 
they  had  subjugated  a  new  province,  to  deport  lar^e  nun^^fy^f  {|ts 
aa  93 38  '       '^'^ 
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inhabituuts  to  distant  parts  of  tlieir  emttiie  aud  supply  their  places 
vitli  iDliabitaiits  of  other  tribes  who  hnd  beeu  long  snbject  to  their 
rule. 

This  plan  of  partial  deportation  aud  cotonizutiou  was  familiar  to  the 
Carthaginians,  Bomans,  and  other  enterprising  nations  of  the  Mediter- 
ranean Basin,  and  explains  to  a  large  extent  the  oonstaot  bleuding  of 
estreue  physical  types  vrbicb  the  somatologist  discovers  in  the  remains 
from  the  oldest  cemeteries  around  that  great  interior  sea.  We  know 
by  history  aud  tradition  that  the  "  blond  Libyans,"  the  light-haired, 
blue-eyed  natives  of  Northern  Afncji,  tall  aud  dolichocephalic,  vere 
transported  in  large  unmbers  across  the  sea  to  the  north,  and  settled 
among  the  smaller,  swarthy,  and  brachycepbalic  tribes,  whom  we 
vaguely  hear  of  uuder  the  names  of  Liguriaus,  Aqnitanians,  aud 
Iberians. 

Another  physical  lever  which  the  nation,  aw  distinct  from  the  tribe, 
brings  to  bear  on  the  physical  traits  of  the  sj)ccies  within  its  limit 
is  its  military  organization.  This  is  no  lunger  classifie<l  by  clans,  or 
geiites,  but  is  an  army,  with  its  soldiers  drawn  indiscriminately  from  all 
parts  of  its  territory,  aud  moving  iudift'ei-eutly  into  all  parts  as  occasion 
calls  lor.  In  earlier  and  more  disturbed  times,  when  social  ethics  were 
less  regai-ded  than  to  day,  the  jtresence  of  large  numbers  of  men  can- 
toned and  qnartered  npou  the  iubabitauts,  often  exercising  over  them 
a  brutal  authority,  led  to  constant  comniingliug  of  race  types  and  the 
gradual  extinction  of  local  peculiarities. 

The  influence  which  the  nation  as  an  anthropologic  elementexerts  on 
language  is  one  which  demands  our  siJecial  attention.  When  it  is 
rigbtiy  understood,  much  of  that  contest  which  has  been  going  on  for 
years  between  ethnographers,  as  to  the  worth  or  worthlessness  of  lan- 
guage as  a  guide  in  ethnography,  will  appear  in  a  different  light. 

It  is  obvious  that  it  would  be  consonant  with  the  spirit  of  a  gentile 
or  consanguine  society  to  preserve  pertinaciously  its  own  inherited 
speech,  and  to  oppose  any  changes  in  it.  But  it  is  just  as  much  in  its 
spirit  to  desire  to  coutlue  its  own  tongue  to  its  own  members  and  to 
look  with  Jealousy  on  others  than  thoae  of  the  true  blood  making  use 
of  it.  Professional  linguists  in  the  American  field  are  well  acquainted 
with  the  prevailing  nnwillingness  of  the  natives  to  give  much  informa- 
tion about  their  languages.  They  regard  with  suspicion  and  distrust 
in(|uirers  into  their  own  peculiar  dialects;  it  is  in  the  nature  of  a  tres- 
pass upon  private  property.  The  federations  of  tribes  never  go  so  far 
as  to  attempt  to  establish  linguistic  or  dialectic  unity.  Only  incident- 
ally and  accidentally  does  one  tongue  partly  encroach  ujKin  another  one 
in  this  stage  of  society. 

For  this  reason  the  linguistic  classification  in  ethnography  is  a  truly 
valuable  one  in  all  conditions  of  life  where  the  consanguine  rule  prevails. 
The  language  is  then  a  trustworthy  guide  of  affiliation,  both  exclusively 
and  inclusively,  and  the  instances  are  extremely  rare,  if  any  indeed 
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exist,  wLere  one  tribe  lia<]  deliberately  forced  anotber  to  change  its 
language  as  tbe  condition  of  entering  into  an  alliance. 

The  so-called  ■'  Empire  of  Aaaliuac,"  in  Mexico,  the  organization  of 
which  bad  not  wholly  emerged  from  the  consanguine  condition,  held  as 
conquered  and  tributary  many  tribes  of  <lifrerent  speech,  but  had  made 
no  effort  to  impose  U{>on  any  of  them  its  own  8onon>ns  and  beautiful 
language.  On  the  other  hand,  Peru,  which  had  reached  a  condition  of 
national  existence,  exerted  constant  and  stroug  pressure,  as  its  histo- 
rian, Garcilaso  de  la  Vega,  assoies  us,  to  crush  and  extirpate  all  other 
tongues  throughout  its  domains  than  the  Kecliua,  that  spoken  by  tbe 
Incas  and  their  congeners.  It  was  declared  to  be  the  official  language, 
and  there  was  no  hope  for  promotion  for  one  not  familiar  with  it.  In 
this  respect,  those  enlightened  rulers  of  the  Peruviait  state  displayetl 
an  insight  into  what  constitutes  the  very  strongest  bond  of  national 
unity,  which  we  here  in  the  United  States  appreciate  yet  but  imper- 
fectly. It  is  within  my  own  memory  that  the  acts  of  assembly  of  my 
own  State  were  issued  in  two  languages,  thus  encouraging  a  long- 
existing  linguistic  discrepancy  between  the  citizens  of  that  common- 
wealth. Linguistic  unity  is  the  indispensable  basis  of  national  unity. 
When,  as  ia  the  case  with  one  of  the  present  Enropeau  empires,  we 
hear  of  tliirty-six  different  languages  being  current  under  one  rule,  we 
may  be  sure  there  is  no  real  coherence  in  the  nation. 

The  recognition  of  this  fact,  and  the  steady  eS'orts  directed  toward 
the  extermination  of  subordinate  tongues  and  the  substitution  of  a 
genera]  or  national  one  in  their  place,  has  led  to  the  phenomenon  of 
peoples  of  the  same  descent  speaking  different  idioms,  and  those  of 
alien  origin  expressing  themselves  throu(<:h  oue  and  the  same  medium. 

It  remains  true  nevertheless — and  this  is  an  important  point  too 
often  lost  sight  of  in  the  discussion — that  this  substitution  of  one  lan- 
guage for  another  never  takes  place  without  an  extensive  admixture  of 
blood;  for  there  is  no  more  potent  and  prompt  method  of  attacking  the 
integrity  of  a  language  than  by  inter-marriage.  Indeed,  except  iu 
cases  of  slavery,  we  may  almost  establish  the  formula  that  the  admix- 
ture of  blood  under  such  circumstances  bears  the  fixed  relation  of  one- 
half  to  one;  that  is,  that  when  a  language  has  superseded  another, 
one-half  of  the  uiarriiiges  in  the  latter  have  been  with  members  of  tbe 
former.  Of  course,  by  marriages  in  this  relation  we  mean  continued 
sexual  unions,  not  necessarily  legal  ceremonies. 

Whatever  the  national  form  of  government  adopted,  the  principal 
maxims  of  jurisprudence  and  the  ethical  principles  upon  which  tbey 
repose  are  profoundly  modified  by  the  substitution  of  the  national  iu 
place  of  the  tribal  idea. 

I  will  illustrate  this  contrast  by  an  example  familiar  to  tbe  students 
of  the  early  history  of  this  country, 

The  European  settlers  in  the  colonies  of  Pennsylvania  and  New  York 
could  not  understand  why,  when  iu  time  of  peace  an  Indian  i^uf^f 
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a  white  maD,  they  <!oiiM  obtain  no  redress  from  th«  tribal  government 
with  whom  tfaey  bad  treaty  relations.  They  regarded  each  indolence  a 
breach  of  faith  and  proof  of  evil  intention.  It  was  nothing  of  the  kind. 
A  crime  of  blootl  was  something  which  concerned  the  coDsangniue 
gens  only;  it  was  a  family  matt«r  with  which  the  tribal  conncil  had  no 
concern  and  abont  which  it  could  take  no  action;  it  was  io  no  sense  a 
crime  against  the  commonwealth. 

This  view  of  the  case  was  something  wholly  incomprehenfiible  to  the 
Europeans,  who  belonged  to  states  where  a  felony  or  a  breach  of  the 
peace  is  an  atta«rk  on  the  community.  In  other  words,  ethnic  jurispru- 
dence is  something  quite  diB'erent  when  the  nation  appears  on  the  stage 
of  history  from  what  it  is  in  the  tribal  condition. 

This  contrast  runs  thrnngfa  the  whole  of  ethics.  In  a  thoughtful 
article,  published  some  years  ago  in  the  Zeitachri/t  fiir  Ethnologie,  Dr. 
Knliscber  pointed  out  that  in  primitive  conditions  ethics  iiresents  a 
dualistic  aspect:  It  demands  the  cultivation  of  kindness,  protection, 
assistance,  luve,  and  peace  to  our  friends,  but  quite  as  much  does  it 
prescribe  hatred,  enmity,  robbery,  murder,  and  deception  toward  our 
enemy.  The  nation  breaks  down  the  walls  of  narrow  tribal  aninioHi- 
ties;  it  int-reases  the  number  of  those  whose  patriotic  interests  are  id 
common,  and  thus  widens  the  area  of  duty  and  the  conceptJous  of 
ethics;  but  wbo  dares  say  tliat  our  own  conceptions  of  ethics  are  much 
l>eyond  the  primitive  stage  when  still  the  greatest  hero  among  ns  is  the 
most  skillful  in  murdering  men — the  most  expert  military  commander  f 

Anything  like  a  categorical  imperative  in  ethics,  a  prescription  of 
duty  which  should  be  the  law  of  everyone  toward  all  men  would  be 
out  of  the  question  in  a  society  bailed  on  relationship  or  on  narrow 
territorial  considerations. 

Nowhere  does  this  ethical  contrast  become  more  apparent  than  in 
the  relations  of  the  one  to  the  many,  of  the  individnal  to  the  mass,  a 
feature  in  ethnic  Jurisprudence  atlmirably  brought  out  in  his  recent 
masterly  work  ou  the  subject  by  Dr.  Albert  Hermaini  Post. 

In  the  tribal,  totemie,  or  consanguine  comlition  of  government  the 
individual  is  not  regarded  as  an  inde|iendent  unit.  The  obligations  he 
has  to  fulfill  are  those  of  his  gens,  and  his  actions  are  regarded,  not  as 
his  own,  but  as  those  of  a  member  of  his  gens. 

If  be  robs  or  murders,  the  punishment  falls,  not  on  him  personally, 
but  on  the  gens;  and  if  bl<K>d  money  or  other  comiwusation  is 
demanded,  it  is  not  from  him  that  it  is  required,  but  from  the  gens. 

He  in  turn  is  liable  tbr  any  crime  his  fellow-clansmen  may  commit; 
and  in  this  vicarious  expiation  he  sees  nothing  in  conflict  with  the 
principles  of  abstract  justice.  He  has  not  yet  renched  to  the  conscious- 
ness of  himself  as  an  individual.  He  iiccepts  the  obligations  of  bis 
clan  as  his  own,  and  is  scarcely  aware  that  he  sufiers  any  diminntiou 
because  he  cnn  T^nt^nnobbgationa  him  self  otherwise  than  in  his  posi- 
'iou  as  a  repn  he  elan  or  gens. 

-  ■,:(;.  ..Google 
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This  is  also  true  of  his  civil  riglita  anrt  those  which  refer  to  prop- 
erty. Wlierever  t)ie  louaatiguiiie  theory  in  in  force,  the  communal  idea 
of  i»roperty  is  also  active.  The  laud  belougs  in  part  or  in  whole  to  the 
kith  aud  kio,  in  the  nature  of  common  land,  or  ia  sublet  by  the  heads 
of  tliecommunityoii  longer  or  shorter  tenured.  Personal  property  isso 
only  in  the  sense  that  it  belongs  to  the  members  of  an  immeiliate  family 
or  subgens,  not  to  an  individual,  aud  in  many  instances  passes  in  the 
female  line. 

It  i.s  obvious  that  in  such  a  condition  of  society  no  idea  of  iudepeud- 
eitt  personal  duty  or  individual  morality  could  rise  iu  the  mind;  and 
should  any  such  enter  tlirougli  foreign  instigation,  it  nould  be  cun- 
demnetl  as  false,  destructive,  and  treasonable. 

Permit  me  to  dwell  on  tBis  point  with  wme  detail  because  of  its 
prime  importance.  Those  considerations  which  establish  in  a  commu- 
nity its  moral  cotle,  its  ideal  standard  of  what  is  right,  of  conscience, 
and  of  duty,  pronounce  the  final  sentence  on  the  fate  of  that  commu- 
nity. In  all  earlier  conditions  the  preservation  of  the  gens  or  tribe 
rested  more  on  measures  of  destrut^tiou  than  of  protection.  Hence, 
toward  the  alien  and  the  stranger  Justice  and  mercy  were  out  of  pla4« 
and  actually  prohibited.  Cutsar  tells  u«  of  tlie  ancient  Germans,  (and 
Jfordenskjohl  repeats  the  same  of  the  modern  Tchuktches  of  Siberia,) 
that  they  respe<;tod  no  law  of  honesty  in  dealing  with  strangers  or 
those  alien  to  their  tribe.  To  cheat  such  in  trade,  to  deceive  and  to 
plunder  them,  waa  actually  meritorious. 

In  such  communities  the  stranger  has  no  rights,  and  vnn  claim  no 
protection  as  a  fellow  human  being.  He  can  only  attain  such  through 
some  rite  of  adoption  into  the  tribe,  or  through  some  ceremony  by 
which  he  can  claim  the  privileges  of  hospitality — what  Oernian  writers 
call  the  Oantreckt.  The  gens,  the  clan,  the  tribe,  is  an  isolated  unit,  in 
natural  antagonism  to  the  race  at  large,  and  recognizes  no  sort  of  soli- 
darity with  its  other  members,  nay,  regards  them  as  foes. 

How  different  is  all  this  in  the  developed  systemof  thestiitel  There 
the  individual  man  is  held  account^ible  for  his  own  actions.  He  is  con- 
sidered responsible  for  the  deeds  he  commits  and,  therefore,  feels  that 
he  is  answerable  to  himself  for  the  opinions  and  ethical  theories  which 
lie  at  the  basis  of  his  life  and  direct  liis  conduct.  For  the  first  time 
in  the  history  of  the  race  he  learns  the  moaning  nt  personality,  the 
highest  lesson  which  advancing  civiHzation  can  impress  on  humanity. 
He  sees  that  by  himself  he  must  either  stand  or  fall;  that  no  vicarious 
expiation  can  meet  the  demands  of  what  is  eternally  right;  that  his 
responsibility  does  not  belong  to  another,  nor  can  it  be  involved  by  the 
actions  of  another,  but  ever  centers  in  his  own  thoughts  and  actions. 
Thus  is  be  gradually  emancipated  from  that  condition  of  tutelage  and 
bereditsiry  bondage  in  which  be  was  so  long  kept  by  the  consanguine 
theory  of  government. 

I  can  not  too  strongly  impress  upon  you  that  this  concept  of  person- 
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ality  is  ft  totally  different  couditioa  from  that  or  the  isolated  primitive 
man.  We  may  imagine  aacli  an  one,  living  alone  with  bis  one  wife,  bis 
ckiildren  around  him,  his  Iiouiwliold  goods  »nd  gods  all  within  his  lonely- 
lodge.  That  man's  monogamy,  bis  sense  of  property,  bis  feelings  of 
duty  and  responsibility,  of  association  and  independence,  can  in  no 
way  be  assimilated  t^)  those  of  the  man  who  is  the  free  product  of  the 
stat4^,  developed  through  countless  generations  of  gradual  culture. 
To  the  scientific  anthropologist  the  one  is  tlie  complete  contrast  to  the 
other;  they  have  nothing  in  common  but  their  external  membership  of 
the  sanie  species  and  a  vague  resemblance  of  external  conditions. 

The  individual  is  indeed  the  true  purpose  of  the  state.  Its  aim  dis- 
tinctly is  that  he,  or  she,  as  an  individual,  shall  be  provided  with,  and 
protected  in,  the  greatest  possible  amount  of  personal  liberty;  in  this 
being  in  the  utmost  contrast  to  consanguine  governments,  where  the 
individual  is  nothing,  the  tribe  everything. 

The  value  of  ])ersonal  liberty  is  as  n  means  toward  the  acquisition  of 
personal  happiness,  and  henco  we  are  willing  to  accept  the  definition  of 
the  modern  idea  of  justice  as  advivnced  by  the  emiuent  French  anthro- 
pologist, Andni  Lefevre — that  it  is  tiie  respect  for  every  interest  which 
contributes  to  the  highest  general  happiness  of  humanity;  and  we  can 
Dot  refuse  to  accept  the  definition  of  morality  which  Hovelacque  and 
Herv6  offer,  as  the  only  one  which  anthropologists  can  recognize;  that 
it  is  the  principle  of  organization  for  the  purpose  of  satisfying  the  phys- 
ical and  intellectual  needs  of  all  men;  a  principle  which  they  justly 
add,  can  only  be  carried  out  successfully  by  guaranteeing  to  the  indi- 
vidual the  highest  degree  of  i>ersonal  liberty  in  every  direction,  limited 
by  no  other  barrier  than  the  enjoyment  of  similar  liberty  by  every  other 
individual. 

It  is  obvious  on  very  slight  reflection  that  the  stat*>  as  an  element  in 
anthroiwlogy  has  by  no  means  worked  out  its  full  destiny  in  modifying 
the  physical  and  psychical  nature  of  man.  As  a  form  of  government 
it  is  far  from  covering  the  whole  of  the  earth's  surface,  and  where  it  is 
nominally  present  it  is  still  further  in  many  instances  from  that  per- 
fected condition  in  which  it  has  thrown  aside  the  clogs  and  fetters  of 
the  consanguine  system  to  which  it  succeeded. 

Take  the  vast  Empire  of  China  for  instance.  It  is  ruled  by  a  foreign 
dynasty  bn  general  principles  of  statecraft.  But  tbroug-hout  all  the 
really  Ohinese  portions  of  the  empire  the  details  of  the  family  system 
are  retained  with  wonderful  tenacity. 

But  we  need  not  go  ho  far  for  examples.  Wherever  we  find  a  system  of 
custes  or  of  privileged  classes,  an  hereditary  nobility,  or  a  state  church, 
a  transmissible  community  of  property,  whether  real  or  personal,  any 
inequality  in  the  rights  and  responsibilfties  of  sane  a<ln)t  individuals 
before  the  law,  any  concessions  which  relieve  classes,  or  itersons,  or 
ects,  or  societies,  or  sexes  of  their  full  measure  of  liability,  or  confer 

pon  them  privileges  or  deny  them  rights  enjoyed  by  others,  there  we 
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are  in  the  preseuee  of  a  form  of  government  still  cliDgiiig  in  these 
respects  to  til e  '.irimitive  tlieories  of  human  society.  The  student  of 
ethnological  jurisprudence  will  class  it  to  this  exteut  with  the  totemie 
and  gentile  systems  of  the  lover  and  earlier  strata  of  human  develop- 
ment. 

Let  me  illustrate  this  by  the  relative  jiosition  of  woman  in  a  tribe  and 
in  an  enligliteucd  State.  1  (wuld  not  touch  upon  a  weightier  question 
to  the  somatologist,  for  none  other  so  intimately  relates  to  physical 
anthropology. 

In  >4|tite  of  the  matriarchal  system,  woman  in  all  lower  conditions  of 
society  is  treated  as  inferior  to  man  and  is  deprived  of  many  rights 
which  he  enjoys.  The  exceptions  to  this  are  extremely  rare,  if  any 
really  exist. .  The  cause  of  her  inferiority  is  solely  her  less  physical 
lowers;  it  has  ever  been  because  she  is  bodily  the  weaker.  The  forms 
of  marriage  have  made  no  difl'erence.  Whether  a  man  could  legally 
take  to  himself  a  multitude  of  wives,  or  whether,  as  in  Thibet  t^i-day,  a 
woman  could  legally  take  a  multitude  of  husbands;  whether  she  was 
bonght  opeidy  in  the  matrimonial  market,  or  whether,  as  iu  this  coun- 
try, she  could  pick  and  choose  at  will  from  all  her  admirers;  whether 
polygamy  or  monogamy  prevails  she  has  ever  been  treated  as  man's 
inferior,  disallowed  equal  rights,  prevented  from  equal  liberty.  So  it 
remains  to-day,  though  with  some  improvement. 

At  first  she  was  but  a  slave  and  a  beast  of  burden ;  at  present,  so  far 
as  the  enjoyment  of  civic  rights  in  modciti  state.s  is  (■4>ncerne(l,  she  has 
risen  to  be  classed  among  idiots  and  children.  Surely  we  may  hope 
that  she  has  not  yet  attained  the  acme  of  her  evolution. 

A  peculiar  interest  is  attached  to  the  development  of  this  inquiry  by 
the  fact  that  it  was  originally  an  American  contribution  to  our  science. 
The  first  who  clearly  pointed  out  the  distinction  between  gentile  and 
political  conditions  of  society,  that  is,  between  the  tribe  and  the 
state,  was  the  late  Mr.  Lewis  H.  Morgan;  and,  although  we  have  been 
obliged  materially  to  modify  many  of  his  opinions,  to  him  belongs  the 
credit  of  being  the  eiirliest  to  jueseiit  in  scientifie  form  this  important 
truth  in  anthropohigy.  He  did  not  perceive  very  dearly  its  bearings 
on  physical  anthmpology,  to  which  I  have  referred  above,  but  he  was 
fully  awake  to  the  potent  agency  of  the  state,  as  distinguished  fn>in 
the  tribe,  on  the  psychical  nature  of  man.  The  following  sentence  from 
his  chapter  on  the  evolution  of  (Jrcek  culture  will  show  this: 

"That  remarkable  development  of  genias  and  intelligence  which 
raised  the  Athenians  to  the  highest  endnence  among  the  historical 
nations  of  mankind  occurred  after  they  had  a^lopted  democratic  insti- 
tutions, and  these  gave  its  inspiration." 

By  "democratic  institutions"  Mr.  Morgan  meant  the  substitution  of 
a  national  for  a  tribal  life. 

But  it  would  be  an  error  to  consider  the  state  as  we  now  know  it, 
even  in  its  best  examples,  as  the  tiual  form  which  this  clemeut  will 
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take  in  iiiolding  tbe  body  and  the  mind  of  man,  his  aspirations  and 
bis  ettiical  instincts.  Already  there  are  evident  signs  that  at  no  very 
distant  fature  the  buman  race  will  outgrow  the  limits  of  nationality 
and  will  demand  and  find  some  gaiding  principle  which  will  break 
down  the  barriers  which  the  nation,  under  present  conditions,  must 
perforce  erect  around  itself;  which  will  do  away  with  the  latent  hos- 
tility which  now  requires  the  maintenance  of  enormous  military  estab- 
lishments, and  will  successfully  solve  the  problem  of  absolutely  cod- 
serving  the  rights  of  the  individaal  without  impaiiing  the  efficiency  of 
the  organization. 

It  is  easy  to  predict  from  what  direction  and  under  what  impulses 
this  desirable  result  will  be  brought  about.  Every  year  is  making  it 
clearer  to  the  eye  of  the  attentive  observer;  and  never  anywhere  or  at 
any  time  has  there  been  in  the  hisiory  of  humanity  a  grander  example 
of  its  growth  and  latency  than  here,  at  this  moment,  we  have  spread 
belbre  our  admiring  gaze.  It  is  by  means  of  international  action, 
through  associations  and  organizations  formed  for  international  pur- 
poses, that  the  highest  and  ultimate  efficiency  of  government  will  be 
reached;  and  then  it  will  be  discovered  to  be  one  with  aDtbroi>ology, 
the  science  of  man,  the  discovery  of  the  laws  which  will  lead  him  to 
the  utmost  symmetrical  development  of  all  his  faculties,  to  his  maxi- 
nmm  efficiency,  to  his  highest  happiness. 
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By  Oris  Tufton  Mabon. 


RENKRAL  ANTHBUPOLOGY. 

Gomprekemive  works. — No  great  work  api>eared  in  1893  in  wliicb  a 
distinguished  anthropologist  summed  up  tbe  results  of  his  studies  upon 
the  whole  subject  of  tbe  natural  history  of  man.  The  annual  address 
of  the  president  of  tbe  Anthropological  Institute  of  Graat  Britain  and 
Ireland  brings  together  tbe  work  done  by  that  society  iii  an  orderly 
manuer,  and  a  lecture  bureau  course  of  iustmction  was  given  by  spe- 
cialists through  tiic  0uit(Ml  Kingdom  under  its  auspices. 

The  Anthropological  Society  in  Wasbingtoo  conducted  Buc<«ssfnlly 
twelve  Saturday  lectures  by  distinguished  specialists,  covenng  tbe 
ground  of  the  whole  suieuce.  Dr.  Briuton,  in  Philadelphia,  also  con- 
tinued his  comprebensivo  course.  In  most  Gennau  universities  there 
is  some  one  professor  who  delivers  an  encyclopaedic  series  of  lectures 
on  aut)in)pology. 

During  the  year  the  program  of  the  ficole  d'AuthropoIogie  in  Paris 
was  as  follows: 

Medical  geojiraphy.     M.  Bordier. 

ADtbropogeiiy  and  humuii  emiiryologj.     M.  Duval. 

Ktbnology.    (ieorges  Horv*:, 

Lingaistica  nuil  ethnography.     Andrd  LefAvre. 

History  of  civilizations.    Cli.  Letoumean. 

Zoiilogiciilauthropology.     1'.  O.  Mahoudeaa. 

I'hyaiological  anthropology .     L.  MaoouTrier. 

Comparative  ethnography.    A.  He  Mortillct. 

pNliistuTlu  aothropology.    O.  do  Mortiilot. 

Geographic  autliropology.     Fr.  ScUrader. 
These  lectures  are  of  tbe  highest  order,  and  are  recognized  by  the 
minister  of  public  instruction  as  of  general  utility. 

In  tbe  New  Standard  Dictionary  just  issuing  by  Funk  &  Wagnalls, 
of  New  York,  as  much  attention  is  paid  to  words  in  this  department  of 
knowl(>dge  iks  in  any  other.  ■  Cassell,  Johnston, tbe  old  reliable  diction- 
aries, in  their  new  editions,  at  last  recognize  the  importance  of  this 

The  classiHcalion  of  anthropology  in  tbe  British  Association's  Notes 
and  Queries  into  anthropography  and  ethnology  takes  the  last-named 
term  out  of  the  realm  of  biological  anthropology  and  places  it  at  tbe 
head  of  alt  the  functional  sciences  of  man. 
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Sodetien. — The  name  of  aocietiea  organized  for  the  stacly  of  man 
alone  in  legion.  Add  to  this  the  sections  of  academies  and  institates 
of  general  science  tliat  have  for  their  aim  the  «tiidy  of  whatever  con- 
cerns man,  and  with  tiiis  combine  the  work  of  other  special  societies 
that  bear  in  some  faahion  ut>on  this  latest  of  sciences,  and  the  general 
student  becomes  bewildered.  These  societies  publish  journals,  bulle- 
tins, proceedings,  memoirs,  anil  even  peritxlicals. 

Not  satisfied  with  home  societies,  students  in  every  enlitfhteued 
country  combine  "in  stated  assemblies.  Of  these  the  chief  are:  Inter- 
national Congress  of  Anthropology  and  Prehistoric  Arc,hwology,  held 
in  189^  in  Moscow;  Society  of  Americanists;  Congress  of  Anthropology 
at  the  World's  Columbian  Exposition,  and  the  German  Society  of 
Anthropology,  held  iiunually. 

Furthermore,  each  national  usHociation  for  the  advancement  of 
science  has  a  section  of  anthropology.  To  these  belong  Section  II, 
Americ;in  Association  for  the  Advancement  of  Science;  Section  of 
Anthropology  in  the  Itritish  Association;  Section  of  Anthropology  iu 
the  tierman  Society  of  Naturalists  and  Physicians;  Section  of  Anthni- 
pology  ia  the  French  Association  for  the  Advancement  of  Science. 
And,  of  especial  interest,  the  ci>lonies  of  Oermany,  France,  and  Eng- 
land have  organized  associations  in  the  Orient  based  on  those  at 
home. 

At  the  American  Association  for  the  Advanceineiit  of  Science  the 
chief  contributions  to  antbroi>oIogy  were  as  follows:  The  Biloxi  Indians 
of  Louisiana,  vice-presidential  address  by  the  Itev,  J.  Owen  Dorsey, 
showing  them  to  belong  to  the  Siouan  stock:  The  lecture  of  Dr.  Brin- 
ton  upon  "  Karly  man,"  assigning  to  the  human  race  as  its  birth-place 
the  mountainous  zone  extending  from  the  western  foot-slopes  of  the 
Alps  through  the  Himalayas  nearly  to  the  borders  of  the  Yellow  Sea: 
The  paper  by  Prof.  W,  H.  Holmes  on  "  Primal  shaping  arts;''  thu 
phenomena  of  the  siiaping  arts  are  classified  by  materials,  processes, 
function  of  the  product,  culture  stag*!  oi'  the  artist,  by  order  of  develop- 
ment, and  by  i)eop1e3  or  races. 

The  shaping  art  is  set  forth  as  follows: 
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These  proceesea  »ud  the  order  of  evolution  of  tho  processes  involved 
irere  shown  in  diagrams.  Theinostexciteddiscussion  was  with  reference 
to  the  palieolitbic  problems.    Other  important communicatioDS  were: 

Xarajo  songa  ofBetinence.     Dr.  W.  Mattheirs,  U.  8.  A. 

Argillite  qnarrioa  near  Dt-laware  River.     H.  C.  Mercer. 

Indian  mi^atioDB.     C.  Staniland  Wake. 

Sense  of  taste  among  Indians.    E.  H.  S.  Baily. 

Cacbes  of  the  Saginaw  Valley.    H.  I.  Smitli. 

Is  polysyntheaiti  cbara<'Ieristif  of  American  languages?     1,  N.  U.  Hewitt. 

Psychologf  at  the  World's  Fair.     J.  JastiDw. 

Evidence  of  glacial  man  in  America.    0.  V.  Wriglit. 

Antiqnity  of  man  in  America.    W.  J.  McGuc. 

Sheet  copper  designs,  Hopenell  gron)i.     W.  K,  Muorubead. 

Mexican  calendar  system.     D.  G.  Brinton. 

Necropolis  of  Ancon,  Pern.     G.  A.  Dorscy. 

iDdiau  DHinee  of  Four  Winds.    J.  O.  Dursey. 

Ceremony  of  the  Qnicbiia  Indians.     G.  A.  Dorsey, 

The  French  Association  met  at  Beean^on.  In  the  pwction  of  antliro- 
pology  the  following  papers  were  of  general  scoije: 

Proportional  weight  of   the  cerebelliini,  the  isthmus,  uiiil  of  the  bulb.     L. 

Manonvrier. 
Prehistoric  Algiers.     P.  Pallary. 
Anoient  auil  modern  weapons  of  South  American  Ini 
The  highest  and  the  lowest  natality   in   France;  n 

endogamy  in  rural  districts-    M.  A.  Dnmont. 
On  the  Lignrians.     M.  Ploix. 

In  June,  189;t,  the  Soeieta  Komana  di  Antropologia  was  organized  in 
Borne,  with  one  bnodred  founders.  The  society  will  devote  itself  to 
the  science  of  man  in  all  of  its  branches.  Prof  Guiseppe  Sergi,  author 
of  Principles  and  methwls  of  classifying  the  human  race,  and  Sys- 
tematic catalogue  of  the  varieties  of  man  in  Russia,  was  made  presi- 
dent. Florence  boasts  still  of  the  most  eflicient  antbropologiciil  society 
in  Italy.    , 

At  Moscow,  during  the  first  three  weeks  in  August,  the  scientific 
people  gave  themselves  to  entertaining  congresses,  to  wit:  The  Inter- 
nationalCongressof  Anthropology  and  Prehistoric  Archaeology,  eleventh 
session,  and  The  International  Congress  of  Zoology,  second  session. 
Even  in  the  last-named,  papers  were  read  that  were  of  interest  to  aii- 
tbropologists,  such  as  Psychophysical  study  on  tho  memory  of  sensa- 
tion, by  N.  Sav^lier,  and  study  of  the  repartition  of  animals  in  vertical 
contours. 

Before  the  Congress  of  Anthropology  many  commnnicatious  of  gen- 
eral interest  were  made. 

PrebiHtoric  researches  in  Spain.     L.  Siret. 
The  popntntions  of  the  Caucasus.     E.  Chaulre. 
Changes  in  the  problems  before  tho  Congress.     B.  Virchow. 
Sculpture  in  France  iti  the  stone  age.     Baron  A.  de  Itaye. 
Kourgans  of  the  Kirghiz  Steppes.     Ph.  Nevedov. 

Oriental  origin  of  the  Cloissonu^e  Jewelry  and  i^s  introduction  into  the  West 
by  the  Goths.    Baron  A.  de  Bayo. 
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AntbrupologicBl  tjpea  of  Great  Ragsia.     N.  Zograf. 
Antlirupometi'.v  on  the  liviug  aa  praciiseil  hi  Rueaia.     N.  Zogt»(. 
lofluenco  of  race  and  hygienic  aud  social  couditious  on  the  phjaical  develop- 
ment of  man.     E.  Demeuteer. 
Authropometrj-  of  TrDuscaiirasiau  peoples  (3  pla.).     E,  Cbantn?. 
Teiuperaraent,  from  a  psychologic  aud  anthropologic  point  of  view.     N.  Z^e- 

Two  uuthropological  Ijpes  of  tbe  fumil.v;  n  study  iu  heredity  (8  pie.).     1. 

OrcliauBk;, 
The  Mongoloids  of  Siberia,  their  actual  coDdition  aud  their  aptitude  for  civili- 

zntion.    N.  Indrinteef. 
Tho  primitive  iububitanU  of  the  Mediterranean.    O.  8ergi. 
Cannibalism  and  human  sucilice  among  tite  ancestoTs  of  the  riistcni  Fins.     1. 

Smirnov. 

The  World's  Fair  CoiigrejiB  of  Anttiroi>oliigy  at  Chicago  was  opeued 
with  nil  addresB  by  the  president,  Dr.  Briiitou,  on  "  tlie  nation  as  »d 
eleaient  in  authropology."*  Paiiers  on  pliysioal  anthropology  were  retid 
by  Fran/,  Boas,  Gerahl  M.  West,  and  Manuel  A.  MuBiz;  on  ethnoIoRy 
coinnmnjcatione  were  made  by  Dr.  Briuton,  Walter  Bough,  Miss 
Flet^rber,  Curl  Luiuholz,  aud  <>.  T.  Mason.  Dr.  Brinton  affirmed  that 
no  good  evidence  exists  of  contact  between  America  aud  Asia  in  pre- 
Columbian  times,  but  this  was  deuied  by  I'rof.  Mason.  Miss  Fletcher's 
essay  on  Omaha  music  was  a  defense  of  the  opinion  that  the  >nnsical 
scales  of  civilization  are  found  in  savagery  in  an  undeveloi>ed  state. 
Mr.  Mason's  paper  was  a  r(;sume  of  American  aboriginal  tools,  uses  of 
natural  i>o\ver,  metric  apparatu.s,  mechanics,  engineering,  and  machinery. 

In  andueology,  the  leading  paper  was  by  Mrs.  Zelia  Nuttall  on  tbe 
Mexican  calendar  system,  elaborately  set  forth  in  a  series  of  charts. 

Communications  on  folk-  lore  and  religion  were  made  by  "W.  W.  Newell, 
Franz  Boas,  J.  Walter  Fewkes,  G.  F.  Kouz,  Morris  Jastrow,  Mrs  Sara 
¥.  Stevenson,  and  Mrs.  Matilda  C.  Stephenson. 

One  of  the  most  instructive  performances  at  the  Congress  was  the 
explanation  of  exhibits  and  visits  paid  by  invitation  to  tjje  various 
parts  of  the  grounds. 

The  Columbian  Historical  Kxposition  in  Madrid  was  so  far  a  suc^^ess 
thatthere  wiis  brought  together  in  the  new  national  library  and  museum 
building  the  greatest  collection  of  Americana  ever  under  one  roof.  The 
Smithsonian  Institution  aud  many  burciuis  of  the  Oovernment  iu 
Washington,  the  great  inuseums  of  Philadelphia,  Kew  York,  Boston, 
and  Cambridge,  aud  especially  tbe  Hemetiway  exi)edition,  were  well 
represented.  Besides,  all  the  Latin  American  States  sent  their  treasures- 
to  complete  the  exhibition.  Most  of  tbe  valuable  collections  appearetl 
again  in  Chicago. 

Mvseuma. — The  museum  idea  was  prominent  iu  the  minds  and  the 
publications  of  the  World's  Columbian  Kxposition  during  its  entire 
progress.  Prof.  F.  W.  Putnam,  who  was  appointed  general  manager 
of  the  department  of  anthrotwlogy,  made  most  extended  collections 
ith  this  end  in  view.  The  result  was  most  gratifying.  Not  only  was 
*  ThiH  papiT  is  printed  in  tbe  present  volame, 
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provision  ma<ie  for  a  inti^eam  at  the  iiew  University  of  Cliicago,  but 
tbe  citizuiia,  led  by  Mr.  Field  with  tlie  munificent  gift  of  $2,000  000,  pro- 
vided for  a  great  museum  iu  Jackson  Park.  To  this  nill  be  attached 
a  department  of  anthropology,  includiug  art8,  physical  anthropology, 
ethnology,  and  archieology.  The  material  is  greater  than  that  upon 
which  any  otiier  institution  of  the  kind  was  ever  founded.  Other 
museums  iu  the  United  States  were  greatly  helped  by  the  Exposition, 
the  Peabody  Museum  in  Cambridge,  the  Natural  History  Museum  in 
New  York,  especially  with  the  Eniinous  collection  from  southeast  Alaska, 
the  National  Museum  in  Washington,  and  tlie  collection.^!  iu  Philadel- 
phia. Tliere  were  also  mauy  private  cabinets  formed  and  enriched  from 
the  same  source.  It  is  fair  to  say  that  anthropology  in  America  has 
never  Iwfore  had  its  activities  bo  stimulated  and  increased. 

The  development  of  laboratories  for  anthropological  study,  research, 
and  instruction  is  slow.  Physical  authroiiological  apparatus  will  be 
noted  farther  on.  But,  there  could  scarcely  be  said  to  exist  in  the 
world  prior  to  1S93  a  single  building  or  institntion  where  the  material  had 
been  Met  out  to  teach  the.  whole  history  of  mankind  or  the  whole  round 
of  anthropological  science.  Therefore  the  assemblage  of  objects  to  illus- 
trato  anthropology  toward  whicli  the  eyes  of  students  turned  in  1893, 
was  the  World's  Columbian  Exposition.  The  material  of  the  science 
manifested  itself  there  in  the  following  forins: 

(1)  Representatives  of  living  races  iu  native  garb  and  aetivitieH. 

(2}  Things  or  objects  connected  with  every  phase  of  iiuman  life, 

(3)  Pictorial  representations  of  apparatus  of  life  in  action  and  re|wse. 

(4)  Books  and  descriptive  publications,  throwing  light  on  man  and 
of  his  inventions. 

Tlieae  exhibits  were  under  the  following  auspices; 

(1)  The  exposition  authorities,  under  the  lead  specially  of  Prof,  F.  W. 
Putnam,  aide<l  by  Prof,  Sargent,  Dr.  Franz  Boas,  Dr.  C.  S.  Wake,  Miss 
Alice  Fletcher,  Mrs.  Zelia  Nnttall,  Mr.  Stuart  Cnlin,  Mr.  W.  K.  Moore 
head,  Dr.  West,  Mr,  G.  A.  Doraey,  and  a  large  corps  of  army  and  navy 
and  civilian  assistants  who  travelled  especially  over  the  countries 
involved  in  the  Columbian  period. 

(2)  The  (Jovernment  of  the  United  States,  iu  the  Government  build- 
ing especially  installed  by  the  Smithsonian  fnstitutiou  thmugh  the 
National  Museum,  the  Bureau  of  Ethnology,  aud  other  Departments. 

(3)  Foreign  and  home  exhibitors,  iu  the  foreign  governnieut  build- 
ings, iu  the  exhibits  from  abroail  and  from  home  through  all  the  great 
public  structures. 

(4)  Concessionaires  iu  tlu'  Midway  Plaisance  and  also  in  the  bazaars 
everywhere  throughout  the  grounds.  Indeed,  it  would  not  be  too 
much  to  say  that  the  World's  Columbian  Exposition  was  one  vast 
anthro^wlogical  revelation.  Not  all  unvnkind  were  tliere,  but  either  in 
persons  or  pictures  their  representatives  were. 
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Every  technical,  Artistic,  industrial  thoaftbt  that  had  ever  entered 
human  minds  could  be  aeen  in  their  primitive  or  in  their  moeteloqaent 
expression.  From  the  rude  human  habitations  about  the  anthropo- 
logical building  to  the  results  of  co-operative  architectural  dreams  which 
constituted  the  White  Oity,  was  a  long  way  on  the  road  of  evolution  in 
the  builder's  art.  The  same  would  be  true  of  the  arts  of  dress,  adorn- 
ment, food,  rei^t,  transportation,  manipulation,  and  manufacture,  com- 
merce and  exchange,  beating  and  illumination,  mechanics  and  mechau- 
icftl  forces. 

The  forlorn  savage  woman  depi<rted  on  the  doorway  of  the  Transpor- 
tation building  at  one  end  of  a  scries  of  weary  burden  bearers  was  in 
strange  contrast  with  the  spirituelte  paintings  of  angels  on  the  walls 
above  ber  head.  But  this  was  only  one  of  a  series  of  transformations 
which  made  the  Chicago  Exposition  the  most  imposing  anthropological 
exhibit  the  world  has  ever  seen.  The  financial  panic  that  seized  the 
world  prcventt-d  many  thousands  of  scholars  from  studying  the  exposi- 
tion and  put  back  the  science  of  man  quite  as  much  as  it  did  his  mate- 
rial progress. 

Professor  Putnam's  <)epartnient  of  the  Exposition  included  all  sub- 
divisions of  anthropology.  ltenibraccd(l)tbeethiiographical  exhibition 
of  native  American  peoples  living  in  their  native  habitations  on  the 
grounds;  (2)  a  general  ethnographic  exhibit  in  the  building;  (3)  an 
archa;ological  exhibit  in  the  building  and  casts  of  ruins  in  Yucatan 
shown  outside;  (4)  exhibit  of  ancient  religions,  folk-lore,  and  games; 
(5)  anthropological  laboratories  devoted  to  physical  anthropology,  crimi- 
nal anthropology,  psychology,  and  neurology  with  apparatus  and  dia- 
grams; (6)  an  anthroi«)logical  library  in  all  branches  of  the  science. 

The  anthropological  exhibitof  the  Government  was  devoted  (1)  espe- 
cially to  showing  the  relation  of  the  material  activities  of  North  America 
to  the  linguistic  classification  that  had  been  recently  completed;  (2)  to 
the  exposition  of  the  recent  explorations  made  by  Prof.  William  H. 
Holmes  in  quarry  sites  of  the  aborigines  in  various  portions  of  the 
Union.  This  was  done  in  a  most  creditable  manner;  (3)  a  synoptical 
view  of  the  early  history  of  mankind  from  the  earliest  stone  age  to  the 
first  iron  age,  set  out  by  Professor  Thomas  Wilson. 

Of  great  public  interest  among  the  foreign  exhibits  were  the  armor 
in  the  German  village,  the  gold  work  from  Colombia,  the  Turkish  and 
theCairene  bazaar,  the  Java  village,  the  Samotin  village,  the  Dahomey 
village,  the  Japanese  and  the  Hindoo  bazaars.  Indeed,  only  an  ex- 
tended catalogue  will  reveal  the  riches  of  the  material. 

Cttrrent  literature. — Very  frequent  inquiries  are  made  by  those  who 
wish  to  look  up  some  si>ecial  question  or  to  begin  some  new  study  in 
anthropology.  It  is  uo  longer  possible  to  i)repare  for  this  summary  a 
cre<Iitable  bibliography  in  the  space  assigned;  but  it  is  also  not 
necessary.    Students  who  have  access  to  the  following  publications 
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do  not  neaii  any  further  bel[>  in  following  up  tbe  literature  of  the 
Bcience: 

(1)  The  American  Anihropologial,  WaBliington ;  ijuarterly ;  Jmld  & 
Detweiler.    Exteoded  bibliography  on  all  studies  relating  to  man. 

(2)  The  Index  Medicun  aad  the  Index  Catalogue  of  the  Surgeon-Gen- 
eral'B  Office,  Wnsliingtou,  especially  thorough  in  an thropo- biology. 

(3)  The  catalogues  of  the  Literary  Bureau,  Boston. 

(4)  Archir  fur  Anthropologie,  Braunschweig;  quarterly.  Most 
exhaustive  lists,  with  short  digests  of  boolis  and  papers, 

(5)  Mittheiluttgen  der  Antkropologischen  Oeselhckaft  in  Wien.  Full 
bibliographies. 

(6)  Animaire  dea  Journans,  etc.,  Paris,  1892. 

Mr.  O.  W.  Bloxam  has  placed  anthroi>ologists  under  lasting  obhga- 
tioDs  to  him  by  his  printing  a  complete  index  to  the  publicatious  of  the 
Anthropological  Institute  of  Great  Britain  and  Ireland  (1843-1891). 
This  iuclades  also  the  Journal  and  transactions  of  the  Ethnological 
Society  of  London  (1843-1871),  the  journal  and  memoirs  of  theAnthro- 
pological  Society  of  Loudon  (1863-1871),  the  Anthroiiological  Review, 
and  the  journal  of  the  Anthroi>o)ogical  Institute  (1871-1891). 

QenerallUerature. — The  titeratureof  the  world  has  becomeimpreguated 
with  anthropology.  Science,  The  American  Ji/aluralisl,  and  especially 
The  Popular  Science  Monthly,  in  America,  give  a  large  share  of  their 
pages  to  this  topic.  Nature,  The  Academy,  The  Atheuieum,  and  all  tbe 
great  quarterlies  of  Ixindon ;  Revve  Scientijiqutt  in  Paris;  Globus  taul  & 
host  of  other  journals  in  Germany,  are  common  carriers  of  the  best 
kind  which  send  weekly,  monthly,  and  quarterly  cargoes  of  information 
to  intelligent  readers. 

The  gallery  of  anthropology  is  still  in  the  future.  At  the  World's 
Columbian  Exposition,  as  mentioned,  groups  of  lower  races  in  costume 
were  well  set  up,  and  photography  was  efficient  in  putting  life  into 
accounts  of  peoplesinaccessibleto  the  most  of  us.  Gabriel  deMortillet 
has  advocated  the  extension  of  the  work  of  the  camera,  and  im  Thurn 
makes  a  good  argument  for  its  use  in  South  America. 

There  is  no  good  guide  to  anthropological  studies  published  in 
America.  The  reprint  of  the  British  Xotes  and  Queries  waa  a  timely 
piece  of  work  by  the  British  association. 

ANTHBOPO-BIOLOGY. 

The  sources  of  information  concerning  the  biology  of  man  are,  first 
of  all,  the  organs  of  the  anthropological  societies,  in  Germany  and 
France  far  more  attention  is  paid  to  craniology,  measurement  of  the 
other  parts  of  the  body,  the  teeth,  comparative  anatomy  of  man  and 
tbe  lower  animals,  and  greater  stress  is  laid  upon  the  importance  of 
these  studies.  In  Kugland  and  the  United  States  craniological  meas- 
urements are  discounted.  All  the  literature  of  this  branch  of  the 
science  may  be  sought  in  the  bibliographies  of  Surgeon-General's 
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Index- Catalogue  and  the  Index- Mediciu,  Washington;  the  American 
Antkropologigt,VifB»\aaglon;  Archie fiir  A athropologte,  Brauoachweig ; 
Mittbeilungen  der  Anthropoloffiachen  Qe»ellscka/t  in  Wein. 

Dr.  Brintoii,  in  Science  [Februniy  24),  enters  a  vigoronn  protest  against 
tbemultiplicatioti  uf  jaw-breaking  compounds  of  Oreek  roots  to  repre- 
sent different  cranial  measnremeDts  and  indexes. 

Graniologtsta  have  differed  in  opinion  ooticeroing  the  orientation  of 
the  skull  for  tlie  pui'posesof  meaBurement.  All  agree  tbiit  it  should  be 
set  as  in  life  where  tbe  owner  in  looking  straight  ahead.  To  setup 
the  skull  after  death  in  the  position  of  the  living  bead  gazing  at  the 
horizon  is  the  problem.  Dr.  Eugene  Hirtz  to  this  end  baa  ntihzed  the 
cadaver  as  an  intermediary  between  the  living  nnd  tbe  skeleton,  since 
the  eye  remains  fixed  in  its  orbit  after  death.  Tbe  paresis  of  the  mus- 
cular system  is  then  complete — the  eyes  are  immobile.  The  problem  is 
to  compare  the  visual  axis  of  the  cadaver  with  the  plane  of  tbe  cranium 
as  used  by  the  experimenter  and  with  the  gaze  of  the  living  fixed  on 
the  horizon.  The  conclnsion  is  that  (he  "orbital  axis"  of  Broca  is 
nearly  parallel  to  the  plane  of  the  visual  axes,  or  the  so-called  horizon- 
tal plane  of  the  living.     {Bull.  Soc.  d'Aiithrop.  de  Paris,  4  s.,  IV,  3SC-389.) 

Dr.  Mauonvrier,  whohas  devotedyears  to  the  study  of  tbe  long  bones 
of  thehnman  body,  communicated  to  the  Paris  Anthropological  Society 
a  memoir  on  the  morphological  variations  of  tlie  body  of  the  femur  in 
the  human  species.  The  conclusion  readied  is  that  platycnemy,  retro- 
Tcrsion  of  the  head  of  the  tibia,  and  platymetry,  seen  in  prehistoric 
remains,  in  savages,  and  among  modern  Europeans,  do  not  represent 
anatomical  survivals  through  atavism,  but  are  all  derived  through 
physiological  causes,  allied  to  tbe  kind  of  life  and  different  external  con- 
ditions susceptible  of  exaggeration  or  modification.  {Bull.  Ifioc.  d'An- 
thrt^.  de  Paris,  4  s.,  IV,  111-U4.) 

MM.  Azonlay  and  Regnault  have  made  a  comparison  in  the  compar- 
ative form  of  the  incisors  of  apes  and  the  various  races  of  men.  In 
the  aiies  the  ont«r  enameled  surface  is  wide  and  shaped  like  a  hoe,  of 
the  uncivilized  races  the  edges  are  more  nearly  parallel,  and  in  the 
civilizeil  races  they  are  quite  so.  Measures  were  taken  of  the  length 
of  tbe  free  border  and  of  the  side  of  the  enamel  and  the  difference 
noted.  The  order  of  succession,  as  regards  the  elongation  and  rectan- 
gular form  of  the  enamel,  is:  apes  (chimpanzee  and  gorilla),  negroes, 
Now  Caledonians,  Australians,  Polynesians,  Javanese,  Annamitesand 
Chinese,  Europeans,  Indians,  Bengalese.  {Btill.  Hoc.  d'Anthrop.  de 
Paris,  4s.,  IV,  207-269.) 

Prof.  Cope  some  years  since  ufBrmed  that  the  tubercular  forms  usual 
in  the  cusps  of  human  molars  point  to  a  reversion  to  the  lemurian 
dentition.  In  Anatomi«cher  Anzeiger  (No.  24.  1892),  Dr.  H.  F.  Osborn, 
of  Columbia  College,  presents  the  result  of  his  own  researches,  with 
a  summary  of  other  work,  since  Cope.  The  primitive  mammalian 
molar  is  a  single  coue,  to  which   other  cusps  have  been  added,  as 
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many  as  sis  appearing  in  some  primates.  The  liuman  molar,  there- 
tore,  is  a  revorsioutotliek'murine  type.  Brinton  affirms  that  tbestady 
of  tbese  traits  in  racial  auatumy  h.^s  uo  definite  result. 

Two  essays  in  the  Contemporanf  Kerieic,  by  Mr.  Herbert  Spencer,  on 
tbe  insufficiency  of  "natural  selectiou,"  were  the  occaeion  of  many 
papers  by  anthropologists  represt^iiting  a  variety  of  points  of  view. 
Notable  among  these  should  be  read  CattcU  on  Survival  of  tbe  Fittest 
and  Scnsiittou  Areas. 

Prof.  Ilartmann  published  the  8t^>nd  part  of  his  second  volume  on 
the  anthro|>ologiciii  material  in  the  Koyal  University  at  Berlin  {Appen- 
dix  to  Arch.  f.  Antkrop.,  XXII,  pt.  3).  The  classes  treated  are:  Old 
Kgyptian  skulls;  Guauches,  of  Teneriffe;  Nigritians;  modern  Egyp- 
tians; Bantu,  Kaffirs  andBechuaua;  Khoi-Khoi,  or  Hottentots;  San, 
or  Bn.shmen;  Germans  from  the  interior  of  Austria;  Sloven;  Finns. 

Ul>on  the  question  of  the  color-sense  among  aborigines  the  experi- 
ments uf  Blake  and  Franklin  among  American  Indians  are  valuable. 
It  has  been  frequently  affirmeil  that  Indians  do  not  know  colors  by 
name,  but  Gatschet's  researches  contradict  this.  At  Haskel  Institate 
four  hundred  and  eighteen  Indians  of  different  tribes  were  tested,  and 
only  three  cases  of  color  blindness  found  to  exist — two  for  red  and  one 
for  green.  These  were  males  and  all  full  blooded.  This  ratio  of  seveu- 
tenths  of  1  per  cent  as  compared  with  5*36  per  cent  in  Switzerland  and 
4*12  in  Germany  would  seem  to  argue  tbe  diminution  of  the  faculty  of 
color  in  civilization.  {Science,  New  York, June  2.)  Dr.  J.  Amhialet  has 
studied  with  great  care  the  artificial  deformation  of  the  head  called 
Touloasian  and  publisiied  his  results  in  Vantkropologie  (Paris,  IV,  11- 
27.)  The  paper  is  illustrated  with  many  cuts,  which  add  greatly  to  the 
clearness  of  the  text.  Tbe  |>eoi)le  of  Toulouse  bandage  the  beads  of 
their  babies,  and  that  compels  the  brain  to  grow  out  in  other  lines. 
These  Tonloiisians  are  naturally  short-headed,  but  by  the  effects  of 
tbe  constrictions  mentioned  they  come  to  be  dolichocephalic  or  long- 
beatled  and  the  skulls  to  be  elongated,  oval,  pitched  up  at  the  occiput, 
trapezoidal,  bilobic,  etc. 

The  disastrous  decrease  of  population  in  France  has  given  rise  to  a 
national  association  termed  "(Jongres  de  la  repopniatiou  de  la  France." 
This  society  held  its  session  the  current  year  in  Paris,  under  the  presi- 
dency uf  Dr.  Gustav  Lagneau.  Questions  discussed  were,  assistance  to 
poor  children;  protection  to  women  with  child;  modifications  of  fiscal 
laws  looking  to  increase  of  population;  change  of  laws  respecting 
illegitimates,  etc.  Hesolntions  denouncing  war  and  advocating  dis- 
armament were  passed. 

The  Mar<]uis  de  Nadaillac  has  published  a  short,  paper  (Science,  Jan- 
uary 27)  on  the  extremes  of  heat  and  cold  endured  by  man.  ''''"'  *'"'- 
lowing  records  in  centigrade  are  quoted: — 

EDgliali  and  BitMian  ofBtent,  Maruchak,  ArKliauistau,  — 20°  C. 
Prince  Hem;,  Central  Aaia,  — 10^  C. 
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Captain  Bock,  Fort  Relianoe,  Cauada,  —56"  C. 
Captaiii  DawHOti,  Fort  Rae,  —67"  C. 
AbbePetitot,  Port  Good  Hope,  — 33=  10  42°  C. 
M.  Martin,  E.  Siberia,  —63°  C. 
GeD.  G reel y,  Diaco very  Bay,— 66=  F, 
Gilder,  Northpnst Canada,- Tl"^  C. 
Huvsyvier,  TuBreCouutr.T,+68^'  C. 
A  difference  of  nearly  350°  F. 

PnySlOLOGICAL   PSYCHOLOGY. 

In  the  liiteniatioiml  Coiigre»!»  of  Experiiuental  Psyuliology,  of  1892, 
reporte<i  in  Mimi,  1893,  ii,  4;*-53,  is  printed  a  paper  by  Prof.  A.  Baiii, 
on  the  respective  spheres  and  mutual  helps  of  introspection  and  psycho- 
physical experiment  in  psycrliology.  The  author  still  holds  that  intro- 
spection, or  the  Bclf- consciousness  of  each  indiyiduul  working  apart 
must  81  ill  remain  at  the  liead  of  the  i-esources  for  imparting  to  psychol- 
ogy a  scientiflc  character.  A  few  of  the  researches  where  both  metboda 
are  applicable  are: 

(1)  The  muscular  mechanism,  the  primary  instrument  of  our  activ- 
ities for  all  purposes  whatever. 

(2)  The  theory  of  the  intellect  as  expressed  by  such  terms  as  mem- 
ory, retentive  cess,  association,  reproduction,  and  the  like. 

(3)  The  momentary  fluctuations  of  ideas  in  and  out  of  consciousness. 
Many  phrases  have  come  into  use  in  connection  with  it,  sucli  as 
"threshold"  of  conaciousuess,  recency  of  impressions,  area  of  con- 
sciousness, lapses  of  attention,  etc. 

(4)  The  determination  of  the  condition  of  permanent  association  or 
enduring  memory,  as  against  temporary  or  so-called  "cram." 

Among  the  great  issues  now  awaiting  Bolntion  Prof.  Bain  places  in 
the  foreground  plnratity  of  simultaneous  impressions  in  everyone  of 
the  senses.  Attai-hed  to  it  is  the  question  of  the  operative  power  of 
impressions  while  momentaiily  standing  aside  from  the  conscious  area. 
For  these  problems  introspection  needs  to  be  helped  out  by  experi- 
mentation, while  the  delicacy  of  tact  in  the  self  conscions  observer  is 
also  of  the  utumst  importance.  One  of  the  most  pregnant  issues  in 
the  whole  field  of  psychology  is  the  swaying  of  tlie  will  by  motives 
outside  of  pleasure  and  pain,  otherwise  called  the  "  fixed  idea." 

Until  there  ii  a  mure  general  agreement  than  at  present  on  the 
analysis  of  the  fundamentals  of  the  intellect,  it  is  premature  to  recom- 
mend a  searching  investigation  into  the  working  of  similarity  in  diver- 
sity, on  which  hangs  the  inventive  powers  of  the  mind,  just  as  much 
as  simple  memory  reposes  the  adhesion  of  conjunctions  in  time.  For 
the  present  there  is  abundant  scope  for  introspection  in  roaming  over 
tbc  accessible  facts  of  psychical  life.  By  the  nature  of  the  case  the 
initiative  in  the  more  fruitful  inquiries  will  be  most  tre^iuently  taken 
by  introspection,  which  also  by  its  )H>wers  of  anal^'sis  will  still  open 
the  path  to  the  highest  ereneralittes  of  our  science.  /^  >  i 
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Prof.  Sally  published  ati  appeal  to  parents  relative  to  stiulyiag  the 
ohild-mind,  of  wliicli  the  following  is  a  brief: 

1.  Attralioa  and  obtrmalion. — Early  ktUntioD  and  interest  (in  looking,  looching, 
etc.)  anil  gradually  wiiloniug  obseir-atioD.     Exact  aa  well  ns  host;  obaervation. 

2.  Memori/, — Earliest  recuguitioo  of  pccaans.  What  la  remembered  bent.  Out-of- 
tbe-way  facts,  insiguiBcant  details,  etc.  tilrength  of  verlinl  memory,  new  words 
iutroduccd  into  a  familiar  story,  and  thv  like. 

3.  Imtiginalioit  and  fancg. — Antbropomorpfaio  fancy,  cbild-myth.  personifi rations 
of  natnre.  How  tliu  unknown  in  space  nnd  time  is  tilled.  Child-lies.  Imagination 
iuterrering  witli  observation  and  producing  "  illusions  of  sense." 

4.  if f a fon in 9.— First  curiosity  abont  tbe  origin  of  tbings,  himself,  of  the  Deity, 
etc.  ChildiHb  puzzles,  tbings  that  seem  strange  and  inspire  thinking.  Childish 
explanation.     How  it  translates  our  explanations  of  things,  puts  its  meaning  into 

&  Finst  use  of  articnlnte  sounds,  characteristic  omissions,  alterations  and  trans- 
poeiMvBS  of  sounds  in  repeating  words.  Order  of  acquiring  sounds.  Invention  of 
new  wonl-soands.     Original  applications  of  common  words. 

6.  Pleatare  and  p«in. — First  manifestation  of  pleasure  and  displeasure  {smiling, 
frowning,  etc.).     Instinotive  and  acquired  likes  and  dislikes.     Favorite  amusements. 

7.  Fear. — First  manifestatiou  of  fear — of  tbe  dark,  of  animals,  of  big  moving 
things.    Are  they  due  to  lnstinelf>r  to  experience  or  saggestioni 

5.  Stl/-feetiag. — Self-pity,  self-caresoing,  vanity,  jealousy,  property  in  toys,  etc. 

9.  Sympathy,  affcetion. — Early  feelings  toward  animals  nnd  bunfan  beings  as  bear- 
ing on  the  i|Ucstioii  of  innate  sympathy.    Cruelty  of  children, 

10.  ArlMui  taste. — Special  preferences  fur  colors,  forms,  rbyUims,  melodies,  etc. 
Iileas  of  prettlness,  grandeur,  etc.  First  signs  of  laughter,  or  of  a  sense  of  the  comical 
or  ludicrous. 

11.  Moral  ami  religioiti  /eel isg.— Earliest  signs  of  respect  for  authority.  First 
exercise  of  Judicial  function  by  the  child  in  scolding  or  commanding  others  or  him- 
self First  conception  of  right  and  ■vixong.  Illustrations  of  feelings  of  Justice  in 
little  children,  of  moral  sensibility  and  of  callousness. 

12.  FoHlioa.—Imi lotion  of  others  in  words,  gestures,  etc.  Effect  of  other's  verbal 
suggestion  on  childish  action.  Examples  of  self-will,  of  defiance  of  commands. 
Hesitation  in  acting  and  self-restraint. 

13.  -JWisHcjjroducHonf.— Spontaneous  dramatic  invention  (make-l>elieveHa  play. 
Original  uanuul  construction  (bnilding.  etc.).  Invention  of  stories.  First  drawing 
of  animals,  men,  ate.     (Preserve  examples.)     Noticeable  grades  of  progress  in  these. 

Prof.  Scripture  contributes  8ouDd  advice  t«  tbose  who  would  take 
graduate  inatructioii  in  psycholofiy  (Science-,  New  York,  July  28).  The 
student  must  begin  with  knowing  the  methods  of  making  experiments; 
this  Hliould  be  followed  by  careful  work  in  the  theory  of  measurements, 
treating  of  the  probability  integral,  the  mean  variation,  etc.  Oue  of 
the  great  diftereiices  between  psyehologicat  and  pliysical  measurements 
is  that  the  conditions  can  not  be  controlled  as  in  physics;  mean  varia- 
tions are  thus  greater  and  the  dednctiuna  from  the  results  not  the  same. 
Psycho  logical  cx;>eriinents  resemble  those  taken  once  on  each  of  a 
number  of  iwrsoiie.  The  study  of  the  methods  of  statistics  has  also  to 
be  uiade  for  tbe  sake  of  mental  statistics.  The  making  of  measure- 
meiits  brings  in  the  stndy  of  fundamental  and  derived  units  and  the 
construction  of  apparatus.  The  subject's  touch,  sight,  bearing,  etc., 
require  a  knowledge  of  the  physical  processes  used  in  stlmalatiou. 
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Hearing  lectures  will  never  make  a  psycbologist ;  tbe  fundamental 
course  for  all  special  instrnction  is  the  laboratory  work.  Tbe  atiideot 
must  be  trained  by  repeated  exercises  in  matting  tbe  tneasiireinents 
explained  in  tlie  lectures,  including  exercises  on  toucb,  temperature, 
bearing,  aiglit,  iu  the  graphic  method,  ebronometry,  dynamouietry, 
audiometry,  photometry,  colorimetry,  etc  This  should  be  followed 
by  work  iu  the  coiistrnctiou  of  apparatus,  elements  of  mechanical 
drawing,  use  of  tools. 
Journals  specially  devoted  to  psychic  studies  are: 

TheJmericanJoHrnal  of  Ptuchotog;/.     Worcoater,  Mnas.,  Vol.  v  hi  1893. 

Tke  Philotophical  Revieic.     Vol.i,  iu  1893. 

Rixiue  dtt  Sciences  I'sychotogiguti,     Pftris.     Vol.  iv. 

Journal  of  Morphotoga.     Vol.  viii  in  1893-'&1. 

fierue  Phitotophiqat.     18™"  anni'e  in  1893. 

Zeitachri/tfilr  Pii/oholoffip  nnrf  Phgtiotogie  der  Sinntiorgant.     B<1.  v  in  1893. 

ViciitydhTUcliriJt  fSr  iciiientchaftlicJie  Piiloiopliit.     B<].  xvii  in  1893. 

PhUoiophische  MoiiaUheJU.     Bd.  x.tviii  in  1893. 

Zriliehrift  f'sr  Phitoiophie  nail  PkitoaopliiKhe  ErlUk.     Bil.  en  in  1893. 

Pkiloeophitche  SUdien,     Vol.  tx  iu  1893. 

Mind.    A  quarterly  Review.     Loudon,  n.s.     Vol.  i:  iu  1893. 

ReTue  MemalipnaU  de.  SoCMlogir.     Vol.  t  in  1893. 

ItirMa  inleraasionale  di  Scienie  lorialt  e  DiKipline  auiilUire.     Vol.  i  iu  1893. 

Philotophuchei  Jahrbuch.     Bd.  v  iu  1893. 

RiHila  Italiana  di  Filoaofia.    Audo  viii  in  1893. 

Brain.     London.     Porta  61  and  62  hi  1893. 

ProceediDgs  of  tlie  Society  for  Psycliicnl  Reeearch.     Vol.  ix  in  1893;   also 
Journal. 

Revae  de  M^lapligilqut  el  dt  la  Morale.     Premiere  auude  In  1893.  ■ 

THE    RACES   OF  MEN. 

In  the  United  States  the  chief  sources  of  publication  on  ethnological 
topics  are:  Tlie  reports  and  jiapers  of  tbe  Peabody  Museum,  iu  Cam- 
bridge; the  journals  of  the  Hemenway  Southwesteru  Expedition;  the 
transactions  of  the  American  Philosophical  Society ;  but,  most  extended 
of  all,  the  reports  and  bulletins  of  tbe  Burejiu  of  Ethnology,  and  tbepub- 
lications  of  tlie  Smithsonian  Institution  and  of  tbe  National  Museum. 

Abroad  the  study  is  stimnlated  in  a  multitude  of  ways.  The 
Anthropological  Institute  of  Grejit  Britain  aud  Ireland  is  specially 
strong  in  this  line  of  study  through  its  colonial  attacbments.  Besides 
this  society,  the  C'olonial  Museum,  the  British  Museum,  the  Uoyal 
Asiatic  Soi-iety,  flood  the  world  with  good  literature,  especially  con- 
cerning the  Eastern  Hemisphere.  Branche-*  of  these  great  societies 
are  established  in  Bombay,  Calcutta,  Hongkong,  Shanghai,  Sydney, 
Wellington,  publishing  also  literature  on  etlinology. 

Interest  in  the  study  of  ethnology  is  kept  alive  iu  France  partly  by 
bringing  to  thecity  of  Paris  families  and  groups  of  colonial  natives. 
In  tbe  Palais  des  Arts  liberaux.  Champs  de  Mars,  was  opened  in  1893 
an  exposition  of  colonial  Afticaii  etliiiology.  Besides  one  hundred  and 
thirty  Dahomoaus,  representatives  of  the  Ogow^,  Wh    '  '    "  )dom^ 
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Cotonoo,  Porto  Novo,  Allada,  Savi,  and  Abomey  peoples,  were  exhibited 
iu  native  dresa  and  habitatious,  working  at  their  national  trades.  The 
chief  Bonree  of  iuforuiation  is  V  Anthropologie,  Paria,  in  whii^h  esceUent 
reviews  of  the  literature  of  the  Rubject  will  be  found. 

Every  tierman  city  has  an  ethnographii;  mueeum.  In  Berlin,'Dr. 
Bastian,  with  a  competent  force,  has  chai'g:e  of  the  great  Mnseiim  tiir 
Volkerknnde  and  in  Dresden  I>r.  A.  B.  Meyer  lias  his  home.  The 
ZeitschriJi/urEtknoloffie,  Berlin,  is  a  kind  of  diary  or  merchant's  blotter, 
giving  information  concerning  ethnological  material  as  it  comes  to  hand, 
to  be  joarnalized  and  posted  np  later  on.  The  publications  of  the  Bres- 
den  Museum  on  the  Melauesian  islanders  are  works  of  great  merit. 

In  Holland  the  Internationales  Archivfur  Etknologie  is  published  at 
great  expense  by  J.  D.  E.  Schmelz,  with  colored  lithographic  plates. 
The  work  of  Italian  ethnologists  must  not  be  overlooked,  especially  in 
Central  Africa.  The  ArcMvioper  P  Antropologia  di  Firenze,  organ  of  the 
Society  di  Antropologia,  is  the  medinmof  pubhcation. 

Interest  in  the  study  of  Etrascaii  origins  still  continues.  Apropos  of 
Dr.  Brinton's  suggestion  that  this  people  are  to  be  classed  with  the 
Libyans,  Prof.  Giuseppe  Sergi,  of  Rome,  announces  in  Nuova  Anio- 
logia,  September,  1S93,  that  from  the  side  of  physical  anthropology  this 
is  true.  In  this  connection  should  be  read  Dr.  Kleinschmidt's  refer- 
ence of  the  Etruscans  to  the  Aryan  stock,  nearest  to  Lithuanian  and 
Lettish  and  Gaetano  Polari's  comparison  of  the  same  language  with  the 
Basque. 

Dr.  Zograf  has  studied  the  people  of  Great  and  Little  Bussia.  They 
are  not  homogeneous,  hut  result  from  the  mixing  of  Slave- Lithuanians 
and  UralO'Altaic  elements.  The  people  of  Little  Bussia  differ  slightly 
from  province  to  province  in  costume  and  manners.  The  region  of  the 
steppes  which  extend  between  the  Carpathian  and  the  Don  has  liecn 
peopled  by  colonies  from  diverse  sources,  by  Great  and  Little  Russians, 
Bulgarians,  Servians,  Moldavians,  and  Germans.  The  Nogais  Tartars 
are  cantoned  iu  the  Crimea.     {VAnthropologie,  Paris,  IV,  228.) 

Dr.  Braislin  has  studied  the  human  nasal  canal  as  an  ethnological 
characteristic  with  reference  to  the  viability  of  the  white  and  negro 
race  in  the  same  area.  He  thinks  that  the  wider,  shorter,  and  shallower 
canals  in  the  negiwea  account  for  their  being  more  subject  to  pulmonary 
diseases  and  that  they  present  characteristics  specially  adapted  for  pre- 
paring the  inspired  air  of  a  tropical  climate  for  reception  into  the  lung 
^truetures.     {Science,  New  York,  March  31.) 

Dr.  Felix  von  Luschan,  of  Berlin,  finds  in  the  modern  Jews,  descend- 
ants of  three  different  races,  the  Ilittites,  the  Aryan  Amorites,  and 
the  Semitic  nomads,  who  immigrated  into  Syria  about  the  time  of 
Abraham.     {Science,  Kew  York,  January  12.) 

The  Veddahs  of  Ceylon  were  the  subject  of  an  exhaustive  study  by 
the  brothers  Sarasin.    Thecensus  of  the  island  gives  2,760,000  persons. 

mnghaleM  t+Rody ins,  2,000) 1,847,000  | 

TftmiU  (430,000  awleutftry) 687,000''^"^'^^'^ 
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Inilo-Arali  (Mimrmeu,  168,000) 187,000 

Earasians lg,UOO 

Malays 9,000 

Afghans,  Arabs,  HciiKalcae 7,000 

KtiTopennn 5,000 

Vedilalia  (males,  1,177;  females,  1,K>1) 2,228 

All  excellent  review  of  this  work  is  in  Arekivf.  Anlhropologie  (xxii, 
316-327). 

Tlie  Kbmers,  of  Cambodiii,  have  been  studied  by  Dr.  Maarel,  nod 
the  results  of  bis  investigations  are  made  known  in  one  of  the  Memoirea 
de  la  Socidte  (T  Anthropologic  it  Pari*.  They  are  the  easternmost  branch 
of  the  Aryan  stock  arriving  from  India  with  their  native  culture  aud 
have  become  mixed  with  various  other  strains. 

The  publishers  of  VAntkropologie  have  brought  together  the  papera 
of  Dr.  Eitel  uikju  the  Hak-ka  (Paris,  iv,  129-181),  the  general  title  of 
the  Chinese  inhabiting  the  province  of  Canton.  These  people  have 
spread  themselves  throughout  ludo  China.  With  diverse  elements 
that  are  mutually  antagonistic,  they  seem  to  be  bound  together  by  a 
common  interest.  The  population  of  Canton  is  as  mixed  as  was  that 
of  England  after  the  Norman  conquest.  The  Miao-tse  aborigines  have 
been  corralled  in  the  mountainous  districts  to  the  northwest  by  a 
migrating  people,  who  came  to  occu2>y  the  entire  province  and  who 
entitled  themselves  the  Aborigines  (Pun-ti).  Later,  these  had  to 
defend  themselves  successively  against  two  other  invaders  of  different 
race.  These  last  are  the  Hak-ka  and  the  Tchao-Tcheow  or  Hok-lo. 
The  last  named  prefer  the  water  and  the  Hak-ka  the  land.  Both  peo- 
ples came  from  the  northwest,  one  following  the  waters,  the  other  tlie 
mountnins.  The  monograph  of  Dr.  Eitel  is  devoted  to  the  Hak-ka, 
their  ethnography  and  history. 

Dr.  Michaut  has  published  a  work  on  the  AInos.  As  was  often 
pointed  out,  these  people  are  neither  Mongol  nor  Japanese,  but 
approach  iistontshingly  the  Russian  Moujik  and  are  probably  an  aber- 
rant branch  of  the  white  race.  They  arc  remarkably  pure  in  blood,  aud 
may  foreslnulow  the  coming  of  the  Russian  to  the  Pactflc  coast  to  claim 
their  own.  The  language  is  absolutely  si>ecial,  but  approaches  the 
Mantchoo  in  i»hrase  and  syntax.  {Bull.  Soc.  d'Anthrop.  de  Paris,  4.  8.,  - 
IV,  25!»-263.) 

The  greatest  interest  now  centers  in  the  ethnology  of  northeastern 
Asia  outside  the  question  of  the  identity  of  the  present  peoples  with 
those  of  America.  The  Kamchatkans,  Ghiliaks,  Koriaks,  Tukaghirs, 
and  others  are  snpi>osed  to  be  the  remnants  of  the  aborigines  of  north- 
ern Asia  and  even  of  the  Japanese  Isles.  The  studies  of  Schlegel  in 
Chinese,  of  Morse  in  the  shell  heaps  of  Japan  are  thought  to  be  con- 
lirmatory  of  this.  The  arts  of  these  small  people  agree  hi  many  respects 
with  those  of  the  Hyperborean  Americans. 

New  light  is  thrown  upon  the  African  pigmies  by  the  researches  of 
Stublmann,  an  associate  of  Emin  Bey.    lu  stature  they  average  1*26 
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meters.  They  iire  very  urogimtliie  and  bracliyci-pLalic  and  the  color  is 
brown  or  rcddisli  yellow  rather  than  black.  Stulilmaim  looksitpon  the 
pigmies  as  relies  of  apecidiar  variety  of  our  ape<'iea  that  once  extended 
over  Africa  and  imrts  of  Asia.  Dr.  Erinton  however,  in  a  lecture 
before  the  Washington  Anthropological  Society  aflirmed  that  the  size 
of  these  people  liad  been  brought  about  through  degeneration. 

Mr,  G.  F.  Scott  Elliot,nt  the  end  of  his  notes  on  native  "West  African 
cuBloms,  has  the  good  judgment  to  give  a  catalogue  of  the  tribes  on  the 
upper  Zambesi,  with  names,  geographical  locations,  and  definite  posi- 
tion by  latitude  and  longitude.    (J.  AiUhrop.  Ingt.,  xxiii,  S;"*.) 

Dr.  Karl  Sajiper  publishes  in  PeiermanrCs  Mittkeilungen  a  short 
account  of  the  ethnography  of  Guatemala.  The  Uuguages  at  present 
spoken  or  formerly  used  are: 

1.  Tbo  Pipil  of  Salnmii.  11.  Agiiacater. 

2.  ThoPipilof  ComBpu.  12.  Jnctilteca. 

3.  Tfao  PopDlca.  13.  U\\. 

4.  TLo  Cnrib.  14.  Quiche. 

B.  Sinca.  .  15.  C!ikcLii|iiel. 

6.  Tbe  Uugiingo  of  Yupiltepen.  16.  Jutiibil, 

7.  The  Maya.  17.  llsponteca. 

8.  Lungiiagoof  tli<i  ('hiijos.  18.  Pokomam. 

9.  Tlie  Cborti.  19.  Poiouinhi. 
10.  Maine  or-lCMii.  20.  Kullcbi, 

The  second  part  of  the  paimr  relates  to  culture,  and  especial  attention 
is  given  to  the  varieties  of  habitations,*  and  an  excellent  map  accom- 
panies, showing  in  color  the  location  and  spread  of  eiich  language. 

The  Tierra  del  Fuegians  received  more  than  their  share  of  attention 
in  a  monograph  published  in  the  Archie  /iir  A  nihropologie  (Braun- 
schweig, XKli,  105-2IS,  figs,  and  tables).  These  islanders  are  given 
under  three  stocks. 

(1)  Ona(Wua;  Jacana-Kunny  of  Fitzn>y ;  Aonik  of  Brinton)  in  the 
east. 

(2)  .Jahgan  (Jagan  or  Japoos  or  Tekenika  of  Fitz  Boy)  in  the  south.. 

(3)  Alakaluf  (Alekoolip)  in  the  southwest. 

In  every  kind  of  cranial  measurement  the.se  peoi)le3»are  compared 
with  one  another  and  with  the  rest  of  miinkind.  The  author  comes  to 
the  long  deferred  conclusion  that  the  Fuegians  resemble  I-juropeans 
most  and  came  from  that  continent. 

The  I'olyneaian  Society  of  Wellington,  Xew  Zealand,  takes  up  the 
problem  of  tbe  Oceanic  rsu-es  with  great  vigor,  publishing  a  quarterly 
journal.  Necessarily  the  great  majority  of  papers  arc  in  the  graphic 
ratlici'  than  iu  the  logic  stage,  as  should  be.  Papers  of  general  vabie 
are:  On  Savage  Island,  E,  Tiegear  and  J.  M.  Ossmond ;  Asiatic  origin 
of  Oceanic  numerals,  E.  Best;  Asiatic  gods  in  the  Pacific,  E.  Tregear; 
Relationship  of  Malayan  languages,  T.  L.  Stevens,  and  many  communi- 
cations on  the  Maories. 


•  PelariR.  ^iltlieil.,  Gotba,  18113,  xxKix,  1-U.  ,  ,  , 
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The  Solomon  islauders  are  in  tbe  niiOst  of  a  series  of  archiitelagoes 
whose  population  is  ofEfln  calletl  inelanoid  or  negroid.  The  studies  of 
Hagon  lead  to  the  conclasion  that  there  is  Dot  here  an  nuiqne  tj-pe 
{L'Anthr«pologie,  Paris,  iv,  215).  Emigrants  from  the  west,  Malays  and 
Polynesians,  or  Malayo- Polynesians,  according  to  the  linguists,  have 
continually  arrived  there,  following  the  currents  and  the  winds,  and 
have  profoundly  modiued  tbe  older  elemeutM,  creating  really  a  Melano- 
Polynesian  type. 

tiLOSSOLO<iY. 

In  the  American  Anthropologist  (vi,  381-407)  Messrs.  Hewitt  and 
Dorsey  attack  Dniionceau's  theory  of  polysynthesis  in  the  Indian  lan- 
guages. Mr.  Hewitt  is  a  learned  Iroq  uois,  and  Dr.  I>orsey  is  aa  familiar 
with  Siouan  languages  as  with  his  own.  The  former  says;  "The 
materials  of  the  language  of  tbe  Iroquois  consiKts  of  notional  words — 
nonns,  verbs,  adjectives;  representative  words — prefixive  and  iude- 
pendent  pronouns ;  relational  words — adverbs,  conjunctions,  and  sufiBx- 
ive  prepositions;  and  derivative  elements,  formatives  and  flexions." 
The  distinctive  nature  and  characteristic  ftinctions  of  these  elements 
can  not  be  changed  at  will  by  any  speaker.  In  tlie  category  of  notional 
words  nouu  stems  may  not  indifferently  assume  the  funi^tions  of  verb 
stems  or  ai^jective  sterna.  The  comi)ound  steins  of  word^Wteuces  may 
become  parts  of  speech  when  the  linguistic  sense  has  come  to  regard 
the  separate  meanings  of  the  elements  thus  combined.  This  is  para- 
synthesM.  In  the  Iroquoian  speech  all  the  developments  of  the  lan- 
guage expressed  by  the  terms,  word-sentence,  stem -formation,  and 
inflection  are  based  primarily  on  tbe  well-known  principle  of. juxtaposi- 
tion and  a  more  or  less  intimate  fusion  of  elements,  but  the  living  and 
traditional  usage  of  the  language  has  eMtablisbed  the  following  mor- 
pltotbetic  canons: 

(1)  The  simple  or  compound  stem  of  a  notional  word  or  of  a  word- 
-  sentence  may  not  be  employed  isolatedly  without  a  prefixed  simple  or 

complex  personal  pronoun  or  a  gender  sign  or  flexion. 

(2)  Only  two  notional  stems  may  be  combined  in  the  same  word- 
sentence,  and  they  must  be  of  tbe  same  part  of  speech. 

(3)  Tbe  stem  of  a  verb  or  adjective  may  be  combined  with  the  stem 
of  a  noun,  and  the  stem  of  tbe  verb  or  adjective  must  be  placed  after 
and  never  before  tbe  noun  stem. 

{4}  All  adjective  stem  may  not  be  combined  with  a  verb  stem,  butit 
may  unite  witli  the  formative  auxiliary  tliil',  to  cause  or  make,an(l  with 
tbe  inchoative  y. 

(5)  A  qualiflcative  or  other  word  or  element  may  not  be  interjiosed 
between  tbe  two  combined  stems  of  notional  words,  nor  between  the 
simple  or  compound  notional  stem  and  itJ«  simple  or  complex  pronominal 
prefix,  derivative  and  formative  change  being  efi'ectcd  only  by  prefixing 
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or  suffixing  suitable  flexinns  and  formativeB  to  tbe  forms  fixed  by  tbe 
foregoing  (;anona. 

Dr.  Washington  Mattliews,  reviewing  the  new  edition  of  the  Rtggt 
Daliotn  dictwnary,  published  by  the  Smithsonian  rnstitution  as  Vol. 
IV  of  ContributioDS  to  Knowledge,  pays  a  just  tribute  to  tbe  original 
work  and  its  author.  Great  and  worthy  praise  is  bestowed  upon  the 
Rev.  J,  Owen  Dorsey  for  the  editorial  supervision  of  the  new  volume, 
and  the  reviewer  says  that  the  impFOvemeuts  are  largely  dialectic.  This 
shows  how  thoroughly  the  pioneer  members  of  the  Dakota  mission  did 
their  scholarly  work  (Aw.  Antkrop.,  Wash.,  VI,  96). 

The  question  of  the  phoneticism  of  the  Maya  is  reviewed  by  Gyrus 
Thomas  in  the  Americaa  Anthropologist  (Washington,  vi,  241-270),  who 
says  that  their  ideographic  character  is  maiutained  by  Forstemann, 
Schellhas,  Seler,  and  Valentini;  their  phonetic  character  by  Gharency, 
de  Rosny,  and  Thomas,  and  an  intermediate  ground  is  assumed  by 
Briiiton,  who  gives  to  them  the  name  ikonomatic. 

A  substantial  contribution  to  the  extension  of  ethnology  through 
linguistics  has  been  made  by  Ecv.  J.  Owen  Dorsey  in  a  paper  before 
the  Madison  meeting  of  the  American  Association  proving  that  the 
Hiloxis,  a  tribe  on  the  southern  border  of  Lonisiana,  belong  to  the 
Siouan or Dakotan linguistic  slock.  This  familyisnowtracedalongthe 
western  sideof  the  Mississippi  River  from  the  gulf  to  its  source,  through- 
out the  entire  drainage  of  the  Missouri  and  the  Arkansas  aud  along  the 
eastern  sloxtes  of  the  Appala.<;hians  from  Washington  city  to  central 
South  Carolina. 

Upon  the  study  of  American  native  languages  abroad.  Dr.  Brintou 
draws  attention  to  a  report  on  American  linguistics  made  at  a  confer- 
ence in  Madrid  by  Don  Francisco  de  Feruandez  y  Gonzalez  and  printed 
by  the  AtheiiiEum.  In  the  Anales  de  la  Utiiversuiad,  of  Sautiago, 
Chile,  is  a  pujier  entitled,  ■<  La  linguistica  Americana,  so  historia  y  su 
estado  actual,"  by  Diego  Barros  Aranaand  Rodolfo  Lenz. 

A  valuable  addition  to  the  resources  of  Mexican  archaeology  is  Dr. 
Selcr's  publication  with  textual  explanation  of  Humboldt's  collection  of 
maguey  paintings.  In  the  city  of  Mexico,  in  ISO.'!,  Humboldt  pnrchased 
sixteen  hieroglyphic  paintings  collected  by  Boturiui  Benaducci,  1740, 
confiscated  b  y  the  Government  and  pla4;ed  in  the  hand  of  Leon  da 
Gaina  to  study.  In  180S  these  paintings  were  presented  to  the  Ber- 
lin Royal  Library  and  there  they  remained  until  in  1888,  they  were 
exhibited  to  the  Congress  of  Americanists.  Photographic  facsimiles 
were  published  by  the  Itoyal  Library  as  a  gift  to  tbe  Columbus  Cen- 
tennial. 

But  the  remainder  of  Boturini's  collections  were  scattered  and  lost 
sight  of  nearly  a  hundred  years,  until  M.  Aabin,  1830-1840,  with  assid- 
uous care  gathered  them  and  took  them  to  Paris.  Fifty  years  longer 
they  were  kept  with  miserly  circumspection  from  inquisitive  eyes 
until  M.  Eugene  Goupil  bought  them  and  placed  them  in  the  hands 
of  M.  Boban  to  catalogue.    Already  a  volume  has  appeared  entitled, 
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l)»^mmrmtt  jwwr  t*rrir  a  rHUtoirr  tin  Me^qmr.  pnblislted  by  Leroux. 
Dr.  Uriitton  famishes  iu  S'-iiim  { Man-b  10  a  ^ood  acronnt  of  the  mate- 
rial, anti  siiy.-i  that  all  that  has  be**!!  jtrpTioiisly  irritteii  aboat  Mexico 
hits  tio  more  imixirtaiu'e  lliaii  the  hisluries  of  K^;]it.  roin|M>sed  before 
the  tlei-i|>herueDt  ikf  th«  hien>ghi>liii-s. 

Id  Srirmrr  Dr.  Cresson  slums  (be  method  )>arsae4l  by  him  iu  his 
attempt  to  aoalyn'  the  Maya  hieratir  and  dfmotic  :^cri|it  by  the  plio- 
nelic  elemeots  of  which  it  is  i-ompostd.  The  Maya  frrdpbic  system 
seems  to  be  basetl  npua  a  primitive  ideo^n^pbism.  tbeelements  derived 
from  iiatnTal  and  artificial  motives.  These  symlmls  received  phonetic 
meanings.  This  represeatation  of  idea"  or  wcMds  by  pictures,  whole 
or  abbre^iatetl.  Dr.  Brinci>n  e.tils  the  irouomalic  stage  of  wntiiig. 
Both  Mexifaa  and  Maya  were  of  this  character.  The  Maya  especially 
had  p>tten  beyoud  i(  lowiinl  the  higher  stages  (Seie»te,  Sew  York, 
De»-ember  15,) 

i'.kniHi  Is^iL-TayW.  rev(e<ri.i^  a  paper  of  vod  der  liabeleotz  oo  the 
probable  CI mnci-tiim  bettreen  Ka:?-|ae  and  Berber  speech,  says:  "We 
may  adhere  to  tbe  okl  c-tnc)uM'>ii  that  in  the  more  essential  points  the 
aAiiiitiesof  the  Bas|iieiue  wiili  the  la'i::ua^re:i'of  iheCral-Altaicclafs, 
which  are  tot.il'y  different  from  th<:-  Berber  languap^::'.  which  belong 
rather  to  tae  H-ia»i;l.-  laai  ily.      Ae^-K,  T-^<1.  July  :».; 

Since  tbe  aii(teatynce  of  Uorati.t  Hale"s  i^in-r  on  tbe  possibility  of 
inventiLi^  luuju.ise.  Biiuh  has  been  wrttn-u  ou  chiWl  langoa^.  Clark 
ruiierjiity,  at  W,M\ts:rt-.  h.is  taken  up  the  uiatier  sertottsly  of  making 
a  fiK-v-;:'*!!  of  tlie  secret  Jan^5iJi;es  of  ci.^Kiren,  of  which  thetM  time 
*-hoj  L;H!U~  is  only  oi;e  exa:;:i'V, 

TECHS' •LiHIY. 

Tb>c  divi-iio-is  of  prinrcive  tevl;:.oj\:\ ,  .hu  of  which  all  osefiil  faunan 
eL;c,-vr!<e:>  stttlj.  are  l\  e  t-  I^  ■xr;i;^: 

1  T^e  srj'.y  ••:'  aM!i-r  a^s.  tli<  :r  .;  ■-il^rxs  a:.d  _tr>;na|>lund  distriba- 
ti'-n. 

1*  Vj.'t  «■■■!>"  if  ''.  e  t*'  rves  of  ttarare.  pi'wer  .:"  man.  be«Sl.  wind, 
w,i:-7.  e!a<rv'::y  oi"  r-^:ii  sc;"i-;a:  ^-v:*  a- .1  ^ti:ieSv  tleitrirtty. — as  tbej 
kivr  ive'i  •iM,".!  :r«i  j" «(  j'ur  ;o  w.'ri.  '-y  aia:;, 

3  T.«l>.  os;'-.  a;  ;-«rj:;!->.  t"e  <:-,•',.■  i>f  ::.tj-  wvtrkiap  parts. 
tt»Hr  EJ:  -aI  a:  -t  ■•:*ra:,*e  jm::s^  :!  t  :r  .it:  ul  rs  i^;::-  and  cooseqaent 

4  Mr-ii  :.,-=^  :  e  ^— j.i-jt  «':s  ■  ,:  n'  -r"  ;  e  :■  .  :::;ed  plane,  lever 
P-'-.Tr.  v.:rvi  a;.-!  a\"*;-  l  """j.  ■^■:*a.  a-  «i  ;"..-  V.ir.  t".  r  iLr  coaTerslon  <rf 
t:3.»-.  ■  r'r-  ::■  at-  tL-  :■■  .  r*— .-ra-  vr.  ■•;  e  •    :•■  ,i   .  :!  .r. 

."■    T'-.-  rcer-i>f-i  of  ».'ri, :".  e  r  kf   ^t  ".  »'• .     :;.r  ■-{•erations  of  an 

■;    T^e  "  e  arTS  :-^  ::  *  -  .;■  s  ,;■  ■<  ^Tu-jV-irv^.  fiiiwtioas, 

and  :-;■;■:-  '-■  N>:y  .  :;  '  .-.,■■  ■■   ■  ■<:■^. 

r  ■,:;;.  ..Google 
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(1)  Kxploitatioi)  of  the  Ciii-tli  Tur  ra^v  iiiaKrial  iu  itHthfee  k i i.^'daiiiK ; 
anil  ill  the  ease  of  plants  aii«l  uniiniils.  inc-ieasing  tlic  siii>|>ly  tliroiigh 
domesticatiou  and  cullivation. 

(2)  Tbe  application  of  tools  am]  power  to  these  substances  so  as  to 
convert  them  into  forms  lo  f{i"'til'>'  Imnian  desire  or  to  meet  Unman 
needs. 

(3)  The  transfer  of  tUe  material  in  any  stapeof  its  manipulation  from 
place  to  place,  on  men,  beasts,  wag;ons.  ships  or  trains,  called  trans- 
portation and  travel, 

(4)  The  buyiog  and  selling  of  commodities  involving  weighing,  meas- 
uring, and  valning,  or  weights,  measni-es,  and  money,  the  development 
of  the  middle  man,  the  Trliolesale  merchant,  the  retail  merchant,  the 
broker,  tbe  banker,  etc. 

(5)  Tbe  consnmption  of  tbe  ultimate  protluct  and  all  the  ntensils  and 
customs  involved  therein. 

Eacb  one  of  these  oi>erations  in  its  historic  elaboration  involves  the 
growth  of  tbe  areas  involved  from  the  smallest  territory  occupied  by 
a  self  supporting  tril>e  to  tbe  oecujiation  of  tbe  entire  earth  as  a  single- 
culture  area.  It  also  incfmles  the  diH'ereiitiation  of  labor  among  men, 
giving  to  every  man  a  greater  diversity  of  thonglit  and  actitm  in  each 
operation,  and  requiring  at  tbe  same  time  the  coojwration  of  a  greattr 
number  of  men  as  specialists  to  accomplish  the  same  kind  of  work.  To 
unfold  all  arts  of  all  peoples  in  all  time  and  gather  tbem  into  a  single 
system  of  technic  life  is  tlie  jiuriiose  of  technologic  science. 

The  elTectof  tbe  eartli  on  arts  is  technofleographi/ ;  the  effect  of  races 
on  arts  is  cthno-tecUnography,  and  from  each  point  of  view  that  gives  a 
diflerent  motive  to  studying  man,  tbe  arts  of  bfe  are  classified  on  differ- 
ercnt  comejits, 

NowiMlays  every  trade  has  its  journal,  and  tbe  publishers  never  lose 
an  opportunity  to  explain  and  illustrate  the  evolution  of  their  craft. 
T\ic  Jottrnat  of  the  Society  of  Artfjliondoii.  in  the  first  piiblication  to 
consult  upon  this  topic. 

Mr.  E.  II.  Man  gives  an  account  of  tbe  technique  of  the  Nicobar  pot- 
tery (■/.  Anthrtip.  Inst.,  xxiii,  31-27).  The  manufacture  is  confined  to 
one  small  island  named  Chon)ra,  and  the  entire  work  of  prejiaring  the 
clay  and  molding  and  tiring  the  pots  lias  to  devolve  on  the  women  of 
tbe  community.  It  is  related  that  a  Chorora  woman,  while  visiting 
another  island,  attempted  to  make  a  cooking  pot,  but  she  paid  the  pen- 
alty with  her  life.  Clay  at  Cborora  baving  been  exhausted,  material 
must  lie  bad  from  other  islands,  demanding  a  sea  trip  of  a  few  miles. 
Tiie  duty  of  procuring  tbe  clay  and  the  sale  of  the  finished  articles 
devolves  on  the  men.  (<'ompare  Holmes  and  Cashing,  fi  An.  Rep.  Bur. 
Etbnol.) 

Having  prepared  a  (luantity  of  clay  by  freeing  it  from  small  stones 
and  other  extraneous  matter,  and  having  kneaded  it  with  fine  sand 
until  of  a  proper  consistency,  the  operator  seated  herself  on  the  ground 
and  placed  before  her  a  piece  of  board  ou  which  she  laid  a  riog  or  hoop 
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about  8  )itclie.s  in  diitmetei-  made  of  cucoaiiut  leaves  neatly  bonad 
together.  Tbis  served  as  a  ataud  for  a  shsllow  dish,  in  which  was 
.  pbicod  n  cireulur  jtiece  of  plantain  leaf  to  facilitiite  the  haiidbiiir  of 
the  riaynnd  preventing  its  adhesion  to  tlie  uusized  platter.  With  one 
or  more  handfnis  of  clay,  according  to  the  size  of  tiie  pot,  the  base  of 
the  utensil  vas  roughly  shaped  on  the  dish ;  theu  rolls  of  elay  of  tlie 
required  thickness  and  previously  prepared  were  built  up  layer  after 
layer  until  tlio  proper  dimensions  had  been  attained;  the  operator, 
the  while  turning  the  put  rouud  and  round,  shaping  it  with  her  eye 
autl  hand.  The  vessels  are  set  aside  on  a  raised  platform  to  dry  for 
one  or  two  days,  aecording  to  the  size  of  the  i>ot  and  the  state  of  the 
weather.  When  4lry  it  is  taken  from  the  platform,  sugierfiuons  clay 
on  the  inside  scra|>e«l  off  with  a  Cyrena  shell,  and  the  excess  of  material 
ou  the  outside  i-emoved  by  means  of  a  fine  strip  of  bamboo  moigtene<K 
The  hands  of  the  ]>otter  moistened  are  gently  passed  over  the  inner  aiitl 
outer  »m-fu(.-es  of  the  ves,sel  to  smooth  them.  The  rim  is  finished  oQ  witU 
the  bamboo  strip.  For  firing  a  primitive  kiln  is  pre|>are4l  in  some  open 
space  near  the  hut,  aud  bits  of  broken  |>ottery  are  stuck  in  the  ground  a 
few  iuehes  ai>art  to  sen-e  as  a  stand.  I'nder  the  |>ot  a  layer  of  fine  wood 
a.-ihes  and  a  quantity  of  oHx>anut  shells  and  scraps  of  firewood  are 
bea|>etl  up  and  a  wheel-like  object  larger  than  the  i>ot  is  laid  ou  ibt 
upturued  base;  against  this  are  laid  branches  and  firewood,  which  are 
to  be  lighted  outside  the  vessel  but  are  not  to  come  in  contact  with  it. 
The  fuel  is  kindled  and  the  Hume  fanue<l,  if  necessary,  by  two  or  three 
women,  who.armeil  with  sticks  in  both  hands,  act  as  stokers  nutil  the 
vessel  is  baked.  It  is  removed  with  the  sticks  and  left  to  cool  upon  a 
heA  of  fine  sand,  where  it  receives  the  necessary  black  stripes.  The 
liaintiug  is  »ccomplishe<l  by  means  of  strijks  of  unripe  cocoanut  busk 
1  to  2  inches  broad,  laid  ou  the  ]H>t  while  hot.  The  st;iin  produced  by 
the  a<'id  juit-e  turns  black  in  »  moment.  To  save  her  fingers  from 
being  burnt  the  artist  keeps  the  [wt  in  position  by  means  of  a  cocoa- 
nut-shell  cnp.  The  entire  surface  is  then  m)>l>e4l  with  moist  strips  of 
husk  to  give  a  light  ci>pjter  t.'olor  to  the  whole  surface.  Makers'  marks 
aiv  added  and  the  whole  is  couiploie<l. 

The  study  of  maize  is  the  study  of  a  large  nunilier  of  Americau 
Indian  tril>es.  F:thuol.igists  will  therefore  l>e  grateful  to  I*r.  J.  W. 
HarshlH'rgj'r  fur  his  nionogntph  on  the  origin  ;ind  distribniroD  of  maize 
ill  America.  The  origin  of  the  pluui  is  songht  in  the  highlands  f4 
>lexi«i»,  soHib  of  the  tweniy-sci-oud  di'pive  of  north  latitude.  Prom 
tins  source  it  got  intothernitcd  SinU'sbytwi>i>inics,thi\mgh  iHvtIiern 
Mexi^-oand  tiir»>ugh  the  West  lndi;in  Ishnids,  It  Wits  carried  to  South 
America  by  the  Isthmus  of  rauiuua.  extending,  a<T-.>rding  to  Brinlou, 
aloiui^fe  great  Andean  system  until  it  riMcluti  the  Gran  t'hacn.  where 
we '  I  =  nit        tribes,  no  way  rcl;tt<-(l  to  the  Kivlmas  of  Pern,  bor- 

row 4l     W  these  iiei.>)>]e.    S<Miih  AnuTican  wmi^Is  (or  maize 
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extended  nil  over  the  Wvst  Iixliau  Islands,  sbowing  that  it  was  intro- 
duced to  this  archiiielago  from  the  southern  continent. 

Even  in  our  day  the  Mexicans  excel  in  feather  niosnicB,  some  beauti- 
ful examples  of  which  are  to  be  seen  at  the  Nationjd  Museum.  But  in 
pie'Columbian  times  more  attention  still  n-aa  |>nid  to  8u<.h  matterr;.  Of 
thir<  we  have  evidence  in  the  beautiful  examples  lately  brought  to  light. 
Mrs.  Niittall,  at  the  World's  Congress  of  Archeology,  presented 
t!olored  sketches  of  a  great  nnral>er,  and  Dr.  Seler  resumwl  the  subject. 
(Ztackr.f.  Ethnol.,  Berlin,  xxv,  44.) 

M.  Adricu  Mortillet,  inachissification  of  weapousof  offense,  bases  bis 
subdivisions  tiiiou  the  relation  of  the  action  to  the  hand,  ( I )  held  in  the 
band,  (2)  working  by  means  of  something  held  io  the  band,  or  (3)  thrown 
from  the  hand.  Each  one  of  the  classes  of  bruising,  slashing,  and 
piercing  weapons  may  again  be  thus  subdivided.  The  Africans  have 
developed  the  slashing  projectile  in  two  forms,  the  bladed  arrow  and 
the  thrown  knife  or  trambash.  M.  Dybowski  read  a  paper  before  the 
Paris  Anthropological  Society  upon  the  last  named  weapon.  (Bull. 
Soe.  (TAnthrop.  de  Paris,  4.  s.,  iv,  97-100.) 

Mr.  J.  1>.  McGuire,  in  the  American  Anthropologist  (Washington,  vi, 
307-320),  attacks  the  division  of  the  stone  age  into  paleolithic  and  neo- 
lithic from  a  new  point  of  view.  Unwittingly  archieologists  have  got- 
ten into  the  habit  of  calling  chipped  stone  by  the  former  and  battered 
and  ground  stone  by  the  latter  title.  Mr.  McGuire  clearly  shows  that 
battering  sto;:e  is  easier  and  therefore  may  be  older  than  the  chipping 
art.  lie  shows  that  among  the  best-known  writers  there  is  no  unanim- 
ity of  opinion  as  to  the  stiitus  of  the  chipped-stone  age,  and  avers  that 
the  weight  of  authority  is  against  the  existence  of  any  considerable 
periwl  of  time  in  which  man  lived  either  in  Enn>pe  or  America,  when 
his  only  implements  were  tliose  that  \\ere  chipped. 

The  evidences  of  estensive  prehist(»ric  irrigation  are  found  in  Ari- 
zona. Mr.  F.  Webb  Hodge  brings  them  together  in  the  Americaa 
Anthopohaiist  (Washington,  vi,  323-330).  In  the  valleys  of  the  Sal- 
lulo  and  the  tiihi,  in  southern  Arizoua,  the  ancient  inhabitants  engaged 
in  agricidture  by  artifliial  irrigation  to  a  vast  extent.  The  principal 
canals  coiistnicted  and  nsi'd  by  the  ancient  inhabitants  of  the  Salado 
Valley  controllejl  the  irrigation  of  at  least  250,000  acres.  The  outlines 
of  at  least  IM  miles  of  ancient  main  irrigating  ditches  may  be  readily 
traced,  some  of  which  meander  southward  from  the  river  a  distance  of 
14  miles. 

From  many  hundreds  of  m^nttered  sources  Dt.  Max  Bartels  has  gnth- 
ered  the  literature  of  the  world  upon  tho  history  of  medicine  aniQUg 
primitive  peoples.  It  is  not  generally  noticed  that  savages  have  a 
pmctice  of  medicine  and  surgery,  notwithstanding  their  theory  refiira 
every  disease  to  spirit  influences.  Indeed,  there  are  in  most  trihes, 
besides  the  medicine  man,  wise  women  and  men  who  give  themselves 
to  the  cure  of  disease  by  medicine  and  wounds  by  treatment.    Tb« 
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work  of  Bart«l8  treats,  first,  of  tbe  medicine  mau  and  bU  diagnoses  and 
tlien  discusses  separately:  (I)  The  phenomena  and  means  ofsiclcness; 
(2)  tbepby»iciauau(lbiH  social  stiindio^;;  (3)  diaguosisaudnamesof  dis- 
cuses; (4)  me<licine»  and  their  applications;  (5)  forms  of  medicitl  pre- 
Bcription ;  (6)  water  cure,  by  battling,  sweating,  and  drinking;  (7)  mas- 
sage as  such  and  iu  sorcery;  (8)  diet  and  other  hygienic  measures;  (9) 
the  methods  of  son-ery  in  healing;  (10)  special  diseases,  eye,  ear,  ei>i- 
lepsy,  etc.;  (11)  the  prevention  of  diseases,  epidemics;  (12)  snrgery, 
small  and  gniss.  The  indexes  and  bibliography  of  the  work  are  most 
nsefnl  to  fnrther  stndy. 

I'pon  the  qnestion  of  the  settlement  of  America  the  aatbor  of  this 
sammary  at  the  World's  Congress  of  Anthropology  in  Chicago  took  the 
ground  that  the  |>eopling  of  the  American  Continent  from  Asia  is  the 
only  hypothesis  tenable  njion  present  data.  There  never  was  known 
to  history  a  day  iu  which  commerce  was  not  gmng  on.  Asiatic  species 
of  animals  have  migrated  iu  the  present  epoch.  A  series  of  land- 
lockeit  seas  lie  on  a  great  circle  from  the  Indian  Ocean  to  Vancouver 
Island.  Tht>se  seas  abound  in  the  best  food  products  of  the  world. 
Winds  are  favorable,  oceanic  movements  are  favorable,  climate  is 
favorable. 

It  is  easier  now  to  follow  the  cnrreuts  of  the  ocean  and  the  trade  winds 
th;)n  it  is  to  oppose  them.  Imleed.  one  of  the  advanced  movements  of 
civilization  was  in  so  doing.  But  the  first  migrants  did  not  ventnre  into 
the  great  aerial  auti  oceanic  cnrrent^.  They  remaioHl  on  the  shallow 
and  land-locked  water,  where  the  food  was  most  abniiilant  and  the 
danger  least.  Migration  istaM  have  derived  mnch  momentum  from 
the  rin  n  tfrg",  applied  by  hostile  men  or  favoring  winds  and  cnrreuts. 
But  we  must  look  for  the  strongest  motive  in  the  active  desires  for  food, 
deiense.  shelter,  adventure,  etc. 

.K.<THOLIXiY    oK    THK   SCIKXCE    i>¥   BEAVTT. 

Tlie  arts  of  pleasure  are  now  sindietl  on  the  side  of  technical  evola- 
tiou  or  elaboration.  The  forms  and  colors  of  art  objects  are  derivsd 
from  natunti  objects  or  Ihnn  other  art  objei'ts  of  a  simpler  coltare  stage. 
Tbedepiiriures  from  the  lines  of  nature  are  referred  to  the  want  of 
skill  in  tlf  artist,  the  want  of  vision  or  imagination,  and  the  technical 
hniitations  or  le;)st-resistan«'e  lines  ot  the  material. 

As  in  the  cvolntion  of  the  iudnstrial  arts,  the  inventioD,  the  inventor, 
and  the  puhlic  want  prow  and  are  dwart'wl  t»-onltiiately,  so  in  the  fine 
arts.  The  best  illustnition  of  the  ntiitm  of  ududs  in  one  complicated 
a-srlu'tic  effect  the  wurhl  has  ever  sfenwas  the  buildings  of  the  Chicago 
Ex|m<iti'in,  Tht-  iiiiii>n  of  the  phms  of  a  do^eu  geniuses  of  stmctare 
and  dwi>nitii'ti  formed  a  kind  of  orii-^t  Inisi  or  itmibiire.  the  last  step 
i,,  tw.  .^.nthe^Ls  of  the  be-.tiitifitl. 

of  this  artistic  clim:»x.  was  enhanced  by  the  presence  oa 
>d  in  the  btiiMings  of  atl  f^>rms  of  art — textile,  fictile, 
c.  glyphic.  tonic,  landscape,  and  arehiiectoraL    These 
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represented  tUe  progiessof  taste — national  tnste, aiivago  taate,  bivrbaric 
ta3t«,  bistoric  tatite,  woven  togetbfr  like  a  beautiful  tnpestry. 

In  a  former  samtnary  waa  given  the  tnbulated  form  of  weapons  and 
tools  adopted  by  M.  Adrii^u  de  Mortillet  iiiliislectaresbeforisllieKcole 
d'  Antbropologie.  The  course  in  1803  was  devoted  todie»s  nnd  adorn- 
ment, tUeir  history  and  diversities,  eousidcred  in  relation  to  i»arta  of 
the  body.     Adornment  followed  the  parts  of  the  body,  a^  follows: 

Jewelry  of  the  head — orowes,  diadems,  and  frontlets.  Jewelry  of 
the  ears — drops,  pendants,  and  studs.  Nose  Jewels,  inserted  in  the 
septam  or  alae.  Labrets,  pt^l^le,  botoque,  bototo,  and  labrets.  Teeth 
jewelry.  Neck  jewelry,  nee.k  rings,  collars,  torques.  Shoulder  and 
breast  jewelry,  epauk-ts  and  gorgets.  Waist  decoration,  bandstlexible 
and  rigid.  Decoration  of  the  lower  part  of  the  body.  Arm  jewels, 
armlets,  bracelets.  Finger  jewelry.  Leg  decorations,  leglets  and  ank- 
lets.   Footjewelry.    Jewelryof  thertothing.     {Rev.  Menmtette,  ill,  96.) 

No  journal  or  niagaziue  is  devoted  to  this  kind  of  study  of  eompara- 

tive  art  and  the  natural  history  of  art.    The  work  of  Uenry  Balfour 

on  tho  evolution  of  decorative  art  and  the  jiapers  of  Holmes  in  the 

reports  of  the  Bureau  of  Ethnology  may  be  taken  as  text- books. 

SOCIO  Lorjy, 

The  (^iinparative  history  of  society  is  nowadays  studied  in  the  fol- 
lowing aai>ects: 

(1)  The  family  group,  or  reidly  the  groups  of  human  beings  that 
stand  around  the  mother  and  chihl,  their  number  and  duration. 

(2)  The  goverjnnental  groui>,  involving  the  structni'o  am)  actions  of 
hordes,  tribes,  confederacies,  states,  nations,  and  international  agree- 
ments. 

(3)  The  Industrial  group,  commonly  railed  guilds,  unions,  boards  of 
trade,  chambers,  for  mutual  ofleuse  and  defense  lu  business. 

(4)  Social  groups,  for  mutual  entertainment,  hel|>,  culture,  etc. 

(5)  Religious  groups,  studied  lu  the  comparative  science  of  religiooa. 

The  United  Sbites  in  addition  to  its  governmental  assemblie^i  under- 
takes the  study  of  the  combinations  of  men  as  laborers  and  as  busiuesa 
men. 

Every  university  has  a  school  of  political  and  social  science,  and  in 
Philadelphia  is  published  the  .journal  devoted  to  that  subject  with 
extended  bibliographers.  The  Johns  Hopkins  University  school  issues 
series  of  studies  of  great  value.  A  section  of  the  Americau  Associa- 
tion is  devoted  to  economics  hi  the  widest  sense  of  the  term.  All 
periodicals  are.  filleil  with  sociology;  it  is  the  most  attractive  of  all 
Fcieu title  hobbies. 

MYTH<ILO(iY   AND  FOLK-LORE. 

I'l-of.  Oaird  delincs  religion  to  be  "man's  ultimate  attitude  toward 
the  universe."    But,  in  trying  to  arrange  a  number  of  objects  bi  accord- 

oogic 
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ance  with  this  definition  it  wuuld  t>e  iim-essary  further  to  explaiu  it8 
verbal  elements.* 

Religion,  aa  it  enters  tbe  field  of  comparative  or  scientific  Btndy,  is 
what  men  think  concerning  a  spirit  world  and  what  they  do  in  pursu- 
ance of  such  thinking.  The  tlionghts  of  a  spirit  world  involve  the  fol- 
lowing questions: 

(1)  Its  location  iind  physiography,  systems  of  cosmogony. 

(2)  Its  peoples,  their  forms,  origins,  lives,  thoughts,  sayiugs,  et<-,. 

(3)  Its  goverument,  including  its  entire  social  system, 

(4)  Its  relation  to  this  world. 

The  operative  side  of  religion,  or  the  cult,  includes  also 

(1)  The  place  of  worship  and  its  fittings  in  all  their  details. 

(2)  Tiie  organization  of  society  on  tlie  basis  of  religion  and  the  place 
of  each  individual  in  the  system. 

(3)  The  conduct  in  and  with  respect  to  tbe  holy  place,  inclading 
prayer,  sacrifice,  fasting,  incense,  music,  decorations,  feasts,  preaching. 

(4)  I'iety  or  everyday  conduct  toward  the  gods,  especially  the  con- 
duct of  tbe  laity. 

(5)  Sacred  books  or  what  took  their  i)]ace  in  more  primitive  society. 
The  Musee  des  Religions,  or  the  Gnimet  Museum  in  Paris,  publishes 
La  B^vue  des  Religions  and  special  monographs. 

For  American  religious  study  the  works  of  Brinton,  Boas,  Dorsey, 
Powell. 

At  a  meeting  of  the  Anthropological  Society  of  Washingt^m  the  sub- 
ject of  breaking  vases  deixisited  with  tbe  dea<l  was  discussed.  Mr. 
Cashing  said  that  formerly  tbe  notion  at  the  basis  of  the  custom  was 
to  kill  the  vessel  and  send  its  spirit  to  dwell  with  the  owner  in  tbe 
other  world.  In  modern  times  the  custom  also  was  a  precaatioa 
against  grave  robbers.  Prof,  S.  G.  Poletis,  of  the  University  of 
Athens,  works  out  the  study  of  breaking  vessels  as  a  funeral  rite  of 
mmlcrn  Greece.  Vessels  either  specially  dedicated  to  the  deceased  or 
having  been  used  at  funeral  rites  are  broken  at  the  grave.  Fragmeuta 
of  vanes  have  been  disi-overed  on  tbe  Bathroii,  at  the  upper  opening 
of  tODibs  at  Mycena*;  huge  heaps  of  t>otsberds  are  found  at  old  Alex- 
andria, Greek,  Egyptian,  and  Roman,  belonging  to  various  epochs. 
Tbe  present  Greek  custom  is  1o  break  clay  vessels  upon  the  grave,  and 
also  as  the  remains  pass  out  in  front  of  the  dead  man's  bouse.  Some- 
times the  same  thing  goes  on  along  the  whole  road  following  the 
funeral.  While  the  priest  pronounces  the  words:  "Dust  tbou  art  aud 
unto  dust  sliult  thou  return,"  he  pours  water  upon  the  grave  from  a 
vessel  specially  brought  tor  tbe  purpose.  This  done  the  vessel  r» 
instantly  broken  while  the  priest  Hings  with  it  upon  tbe  grave  a  hand- 
ful of  earth.     (.7.  Antkrop.  Inut^  xxiii,  28-41.) 

In  his  course  of  lectures  in  tbe  I-]cole  d'Antbro|)ologie,  M..Andr£ 

*  Edward  Caird.    The  eTolatiou  of  religion.     GiBord  Leclaiea,  lSS0-'91a&d  ISBlr- 
;    OUssow,  1893,  UacLshMe,  2  vol*.,  40Q  and  331  pageii. 
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Lel%vrdclioseforLi8tliiMiie;  Belier»  of  ancient  Ureuce;  tliH  peoples  and 
tbeir  godtt.    Tlie  order  in  niiich  the  argiimeiit  proceeded  was — 

(I)  Hellenic  origins;  {'*)  Animistic  beliefrt;  (3)  Cultof  tbe  protTCative 
powers,  firo  and  of  lieroes;  (4)  Divine  [lersonagcB:  tbe  Dodoiieaii 
gi-oup,  the  air  and  the  eartli;  (5)  Primitive  Aaiivtic  influences,  Phrygia, 
Phfpnieiii;  (fi)  Formation  and  reeeosion  of  tlie  Iliad  and  the  Odys 
sey;  (7)  Tlie  Acbaians,  the  two  nnt'ound  groups;  (8)  The  gods  of 
Homer:  Olympus,  Zeus;  (9)  The  gods  of  Homer:  Ilera,  Athena  aud 
Odysseus,  Poseidon;  (10)  Tlie  solar  group:  Dorian  Apollo,  Hephiestos; 

(11)  Life  and  death  according  to  tbe  Homeric  Achieans  (Patroclus); 

(12)  The  Uinoeric  lower  world;  (13)  Ilesiod:  The  poet  and  his  coutem- 
iwraries  ami  theireoneeption  of  life;  (14)  Uesiod:  the  Tlieogony ;  (15) 
Ilesiod:  The  Chronids,  Titims,  Tartarus,  physical  notions;  (16)  Her- 
cules, the  dcmigml;  (17)  Dyouyssos,  Bassarons,  Bagaios,  Zagreu.i, 
Saeinis;  (18)  Demeter  and  tbe  mysteries;  (10)  Orphism;  (20)  Syucil- 
tism  and  decadence, — ^Rtr.  Mms..  Paris,  iii,  26), 

Tlie  fifth  annual  meeting  of  the  American  Folklore  Society  was 
held  in  Montreal,  September  13.  The  s«K'iety  was  incorporated,  and 
mensurcH  taken  to  publish  K|>ecial  monographs.  Tbe  papers  by  Hell 
Cbatelaiu  on  the  retarded  development  of  African  civilization,  by  W. 
W.  Newell  on  the  material  and  objects  of  folklore,  and  by  Adolf  Ger- 
ber  on  Brer  Babbit,  a  comparative  study,  were  of  especial  value. 

ABCB^OLOQY. 

Dr.  Muriz  Uoernes  lays  down  with  great  care  tbe  fundamental  priu- 
ciplca  of  a  system  of  study  and  instruction  in  prehistoric  arcbieology, 
of  which  the  following  is  tbe  scheme: 

1.  The  rulutiuu  of  |m>!iistarj-  Ui  limtor.v  ami  to  thu  hiittuhcul  HluUy  uf  uiitLi|Uiliu8. 

2.  The  pliLre  of  giroliiatury  in  the  syllnbiis  of  notbiupology,  ita  relatiou  to  pbyiicul 

nDlhropolugy  aud  ethnology, 


1.  I'ropiiMleutics. 

n.  History  of  tlio  aoieiice. 

b.  Study  of  roKoiircex. 

a.  Literary  soiirceH,  both  diri^i't  hiiiI  indirect. 

6.  MoninneHts  (attention.  I,  til  tlio  topographic  and,  2,  muBeogrnpbic  order, 
by  means  of  cxamiuiug  lcH;a1itie8  nod  hntidliug  the  objects).  Clasnifica- 
lion  of  objects,  both  on  tbe  iiataral  history  and  the  arcbieological  con- 

c.  Criticism  and  explanation. 

2.  Systematic  ropri^spntatioo. 

]i.  I'lindaineiilul  favtom:  Cnlturu  areas  and  groups  of  mankiml. 

h.  Development  factors:  Invention,  borrowing,  remodeling,  transmitting. 

c.  Sei)arnt4:  forms  or  classes:  Langnage,  religion,  jnriaprudeuec,  tlie  family,  the 

state,  tbe  hoiisu,and  tbo  hearth;   food,  clothing,  ornament,  weapoiia, 

tools,  indnstrics,  trade,  navigation,  art,  etu. 

3.  Typological  Tepresont^itioD :  Forms  of  dwelling  placwi,  inilnstrial  places,  forti- 

fications, religious  iucloaiiros,  cemeleries,  depots,  also  apparatus,  with 
ibeir  fnnctioD  and  development.  iOOQIc 

SM  93 40  ^^ 


8UMMARV  OF  PROGRESS  IN  ANTHBOPOLOOT. 


a.  Niiturnl  lii^tory:  Ori>;iii  of  iiii-n,  Htockn,  originiil  linme.  ilispiTaionE,  ronu*- 

l>.  Calluro  history;  lutflltctnnl  iliimiiiiition  oriiien  ovpr  aoiinsls,  tertiary  times, 

[laiii-olilbic  and  neolitbic  periods,  bron>!Oiifrioil;  tbe  orient,  iU  pecaliBi 

nrrli^ulugy  nud  the  intiiicnccof  its  biHtoric  culture  stages  Dpon  prrhis- 

tnric  Europe;  tlnit  appearnnre  at  lalpr  proplee  of  Europe  m  tbeir  lits- 

torici>e<|iieu<'e. 

The  yvitr  tKO:t  iiiaiks  an  epoch  in  American  archa«lo£ry  and  divides 

RtutleiitH  into  two  sliarply  se[>arate(l  st'liouls.    The  older  Kcbool  bolieves 

ill  tlie  okisteiice  of  paleolithic  man  in  the   United  States,  tlie  nc^r 

school  does  not.     In  the  presence  of  sack  sites  as  Trenton,  tlio  former 

discovers  geologieal  evideiiee  of  tbe  very  great  antiquity  of  man  iu  tbe 

oi'cnrrence  of  niilely  cbippeil  objects  in  sil»,  tbe  other  school  says 

tbesc  objei-ts  are  in  the  talus  and  have  ru]le<l  down  from  the  surface 

above.    The  old  school  says,  but  these  pie<-es  are  very  rude  and  have 

nacretl  sarftices.     Men  nseil  very  rude  or  paleolithic  tools  first,  and 

after  that  came  the  finer- (iiiishe<l  tools.     The  new  school  says  these 

pieces  are  the  rnbbisli,  the  rejected  mass  of  stone  knappers.    They  are 

quarry  refuse,  and  not  tools  at  all.     Many  hundreds  of  thousands  of 

them  have  be«n  picked  up  in  tbe  workshops  of  tbe  modern  Indians. 

Mr.  William  B.  Holmes,  of  the  Ituieim  of  Ethnology,  made  most  of  tbe 

diggings  by  which  this  opinion  is  substantiated. 

In  a  paper  by  Holmes  on  the  distribution  of  stone  implements  in  the 
tide  water  [toitions  of  Maryland  and  Virginia,  tbe  author  has  in  view 
the  whole  history  of  each  stone  implement,  from  the  source  of  the  raw 
material  to  the  finding  of  the  specimen  where  it  finally  left  the  hand  of 
the  siivage.  He  speaks  of  the  origin  and  form  of  the  stone,  the  pro- 
cesses of  man nfact lire,  the  rejection  at  the  source  of  the  stone  of  all 
pieties  trie<l  and  found  wanting,  the  transi»oitation,  tbe  caching  or  stor- 
ing, the  specialisation  of  form  in  after  work  ami  the  uses  or  functions. 
Four  materials  were  used  for  chipped  tools,  quart^tite  bowlders,  quartz 
pebbles, rbyoliteqiiarried  in  the  massjawper  qiiaiTicd  in  the  mass.  Of 
these  the  antlior  says:  'It  is  of  tbe  utmost  importance,  in  taking  up  the 
stone  implements  of  a  region,  that  each  material  be  traced  to  its  source 
so  that  from  this  point  of  view  a  study  can  be  made  of  the  work  of  qnar 
rying,  shaping,  transporting,  and  finishing."  Holmes  gives  the  follow- 
ing classes  of  tmplemcDts,  in  the  order  of  distance  flrom  the  quarry, 
beginning  with  the  heaviest: 

1.  Murtarn,  iind  many  improvised  tools. 

'2.  r^linrpeiiud  liowldcri  for  ludo  iriiiiiis  aad  :i\iik. 
-     3.  Notched  and  Bhur]wn<td  bowlders  for  haftiog. 

4.  I'ieks  and  clii>>els  for  soapstoiie  and  other  i|iiarne». 

Ti.  Ket  sinkerA,  i-arried  aloii);  the  streainx. 

(i.  I'cstli'H.  Hbnimd  liy  pieltin^. 

T,  Hammer  Htoiien,  the  butter  the  shape  the  fiirtber  tbey  were  carried. 

8.  >S»apstoDO  veHM'lH,  often  10  inile-'t  from  quarry, 

9.  (iroovM  :ixi)»,  si'lts.  ><er»])orH,  drills,  kiiii'ea,ape»r  poinbi,  arrow  poiqt«.  pipe*, 

oniiinienl!), 
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The  p!ip<^i-  is  clearly  illustrated,  (vim.  Antkrop.,  Washington,  vi, 
1-14. 

The  Journal  of  GeoUigy,  piiblislied  in  Chicapo,  No.  1,  January-Fob- 
ruary,  1893,  will  have  it  dei)artinciit  <»f  arcliifoln^ric  geolojiy,  under  the 
direction  of  Prof.  William  II,  Holmes.  Already  pajiers  on  archa-ology 
liavcftppeared. 

Coniparativostudyslowly  anravelstlie  t:int:le  of  American  arcbteology 
and  etliiiol»y;y.  Dr.  .1.  Walter  Fewke.s  witnessed  and  became  familiar 
witb  tbotsnake  dance  of  tlie  llopi  (Moki)  Indians,  and  in  studying  tbe 
old  writeis,  Saliniinu  in  i>articular,  was  stniuk  with  tlie  wonderl'ul  simi- 
larity of  tlio  Mextcau  ptctnres  to  tlie  real  dunces  in  Arixntm.  Tliis,  wilU 
the  co-oi>eration  of  T)r.  Ed.  Scter,  Dr.  Fcwkes  lia^t  worked  out  in  the 
Amcrienn  Aatkropohnhl.    (Washington,  Vi,  2.S5-3(iri.) 

American  ardneology  was  greatly  enriched  by  the  publication  of  a 
folio  volume  on  the  ruins  of  Tiahnanu<'o  in  the  highhnids  of  ancient 
Peru.  The  work  con.sists  of  two  parts,  the  text  and  41i  photolitho- 
graphic plates.  Uy  meana  of  maps,  illustrations  in  the  text,  ground 
plans  and  sketches,  tbe  authors  have  placed  themselves  entii-ely  at  tbe 
aervi'-e  of  the  student.  This  work  is  of  the  same  excellent  character 
a»  the  Necroi>olis  of  Ancon,  issued  by  Kei».s  and  Stiibel  a  few  years 
since.  The  authors  iUscuss  tbe  ethnic  origin  of  the  sculptures,  the 
material,  the  dimensions  of  the  bltxtks  (weighing as  mueh  as  loO  tons), 
the  means  of  transport  for  many  miles  and  across  several  inlets  of 
Lake  Title aca ;  the  skill  in  <(ressing,  smoothing  and  polisliing,  and  earr- 
ing, with  implements  not  much  harder  thau  tlie  stone  itself. 

A  great  sh(K;k  was  given  to  Ennii>ean  areha-ology  by  attacks  upon  the 
age  of  the  Canstatt  and  tbe  Neanderthal  skull,  ll  is  well  known  Ihat 
Prof.  Dc  Quatrefages  went  so  far  as  to  claim  a  Caustntt  and  a  Neander- 
thal race  for  early  Europe.  In  the  rejxirt  of  the  German  Antlu'0|M>- 
logical  Congress  it  was  shown  tliat  the  tirst-uanied  skull  was  found 
associated  with  liouiaii  pottery,  and  the  last-named  ^as  picked  up  on 
the  surfaee.  At  the  same  conference  I'rof,  Virehow  indorsed  the 
o]iiniun  of  Steeustrup  that  the  evidein:e  of  conteni|M>raneity  of  man 
and  inaminoth  in  Euroiio  is  not  only  inadequate,  bnt  for  climatic  and 
geologic  reasons  no  such  co-esistence  was  possible. 

Oscar  Monteli  us  began  the  piibIii;ation  of  his  great  work.  La  cirilina- 
Hon  priinitire  ett  Italie  thpuiii  P introduction  dn  metal,  upon  which  he  lias 
labored  tor  twenty  years.  It  will  be  an  album  of  300  plates  grand  4to, 
with  more  than-ViOO  woodcuts  and  explanatory  text.  His  volume 
upon  the  history  of  tbe  intiueiico  of  Orientalism  upon  Kuiopo  during 
the  Stone  Age,  tbe  lironze  Age,  and  the  Iron  Age  till  about  500  b.  c. 
is  bis  Ciriltzalion  of  Sin-dcn  tii  Jleatken  Times  in  new  lomi,  done  into 
French  by  Salomon  Heinaeh. 

The  number  of  Xattire  for  August  10  contains  the  account  of  a  suit 
for  Iil>e1  brought  by  H.  Itassam  against  Dr.  Budge  of  the  British 
Museum  growing  out  of  assertions  alleged  to  have  been  made  by  the 
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latter  Jucoiiuectiou  with  the  foriuer's  disposal  of  certain  flndsin  Assyria. 
The  outcuiiie  was  ajmlgmentngraiastBiidgeofjCuU,  which  hia  confreres 
paiti,  because  they  believed  he  waaactiugalwiiysiti  the  interests  uf  the 
museum.     (Nature,  L<>u(Iod,  1893,  XLviii,  343.) 

PHYHIOGHAPIIY    AND   ANTHROrOLOGY. 

Alt  suieuceH  are  coming  more  and  more  to  contribute  to  anthroi>ology. 
The  Intcruational  (geographic  Oouference  in  Chicago  furnished  an 
example  of  this  statement.  Mr.  Gardiner  G.  tinbbard  selected  an  the 
topie  of  his  presidential  widreas.  The  relation  of  air  and  water  to  tem- 
perature and  life.    The  following  titles  also  show  the  current  of  thought: 

Tho  rc-lalion  of  goognipby  to  HisUiry.     t'raucis  W.  P»rker. 

Nurway  anil  tlio  VikingH.    Capt.  Magnus  Aodentcn. 

Geogra|ili[c  iustruction  id  pulilic  schoolii.     W.  B.  Powell. 

The  relation  of  geograplij  to  physiography  iu  oar  eilucatiouiil  ttyst«Qi.  T.  C. 
Chuinlwrlaiii. 

Early  voyages  alon-{  tbo  nurtlnvvxl  i-oast  of  America.     Georgo  Uaviilson. 

In  their  resimnses  to  call,  (icn.  Raton,  Uen.  Oreely  and  Maj.  Powell 
all  dwelt  upon  this  close  bond  between  geography  and  history. 

Dr.  F.  Schrader  delivered  a  lecture  before  the  l5cole  d'Anthropologie 
on  the  influeu<:e  of  terrestrial  forms  njion  human  development.  In  the 
order  of  sequence  from  the  Xorth  the  author  distinguishes  five  zooes: 

(1)  A  boreal  zone,  quasi  continuous  aud  little  varied. 

(2)  A  north  lemperale  zone,  extended,  much  varied,  presenting  for 
the  development  of  humanity  the  greatest  possible  number  of  condi- 
tions. 

(3)  A  south  temperate  zone  analogous  but  inferior  to  the  luet  named. 
More  fit  to  receive  culture  than  to  create  it. 

(4)  An  inter -tropical  or  equatorial  none,  hot,  rainy,  with  alternations 
of  aridity  and  continuity  of  beat.  Less  diversified  in  its  ensemble  than 
the  tenipenitft  zopc. 

(o)  A  frigid  zone  of  the  south,  of  no  importance  in  the  development 
of  man.    (Rer.  Menjt.,  Paris,  in,  206-210.) 

The  destruction  of  vast  numbers  of  animals  by  the  men  of  early  times 
in  the  eastern  conttucat  created  a  gap  in  the  evidence  upon  which  the 
knowledge  of  very  early  migrations  is  to  be  bused.  M.  Edward  Dupont 
has  brought  together  his  studies  upon  the  fauna  aud  man  of  the  qua- 
teriiary  epoch  {Tiwll.  Stic,  lieigr  de  (n'ol.,  18112),  Especially  valuable  is 
the  paper  on  the  stndy  of  nmti  considered  as  a  geological  force.  Si>e- 
cies  disappeared  before  tho  coming  of  man,  doubtless.  Quite  as  true 
is  it  that  they  were  e\t«rm{natcd  by  man.  But  in  the  earliest  times 
this  destruction  was  feeble  and  the  author  inclines  to  the  view  that  the 
quaternary  fauna  disajipeared  through  natural  causes, 

In  the  Journal  uf  the  Aathropoliifficil  Societi/  of  li'.tmbay'  for  1893, 

■Vol.  Ill,  pp.  !)--->i, 
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Ib  a  paper  on  thu  treiitmeiit  of  vattle  ciiseiises.  Tlic  origiual  work  was 
8cratclie<loDtbeIeafortliePalniyra(7!ora«)iu«^&(7ff/ur»(i«).  Tlieiriise 
of  drags,  especially  those  derived  from  tlic  vegetable  kingdom,  was  by 
no  means  inconsiderable.  Forty-eiglit  different  plants  arc  iiatned,  and 
in  the  essay  identiSed,  making  it  a  valuable  coiitrilmtiou  to  knowledge. 
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NOUTD  AMEltlCAN  BOWS,  AEUOWS,  ANI>  QUIVKKH. 


By  Otis  Tufton  Mason. 


jtiu  ware  tlie  srniwK,  bqJ  iii^nkiqil  tlio  loitrkB  r.>r  thoio  nrravt;  niiil  It  AlinlgUly  Cwl.  tliF 
for  prolMlloii  ?    Tbn  sona  of  ArlB>n  miKil  Hn  nuln  t1i«  I.«i^."-n>ntri''i  latMula.  p.  ilviU. 

In  iio  Herios  of  museuiii  spceiiueii»  i.s  tbe  iiiitnriil  liiatury  of  human 
invvntioii  better  exeiiiplified  than  hi  the  apimratuH  of  war  and  tlie. 
cliase.  TUe  history  of  warfai-eespmally  involves  the  right  iiiider»tand- 
iiig  of  two  words — offeiiKe.  and  deft'iise.  Tho  perfecting  of  defensive 
apparatus  has  been  stimulated  hy  the  perfecrtiijg  of  weapons  of  oflense, 
and  on  the  contrary  tbe  ingenuity  of  the  Iniinan  mind  has  been  taxed 
to  make  the  oft'ensive  implement  of  war  more  powerful  tlian  the  defen- 
sive,* Pi-otection  of  the  body  is  secured  by  what  is  generally  termed 
armor.  The  protection  of  the  family,  the  tribe,  the  army  corps,  is 
achieved  hy  fortification  of  some  kind. 

Ill  the  mo<lem  art  of  war  thie  conSict  of  defense  agtiinst  offense 
reaches  its  climax  in  the  built-up  steel  rifle-cannon  and  the  nickel  and 
ateel  Jlarveyized  armor  plating.  One  of  the  nioilern  gnns  will  send  its 
shot  quite  through  n  plate  20  inches  tbiek.  Now  the  primitive  form  of 
this  terrible  projectile  was  ttie  arrow,  and  of  the  steel  jilatc  the  ances- 
tor was  the  trifling  hide  and  stick  armor  of  savagery. 

Offensive  implements  in  all  ages  and  stages  of  culture  are  for  three 
puri>oaes — to  bruise,  to  slash,  and  to  pierce  the  l)ody  of  the  victim. 

Bruising  weapons  are  found  everywhere,  but  were  highly  (leveloped 
in  the  Polynesian  area,  because  there  abundance  of  hard  wotxl  exists 
and  little  stone  with  concboidai  fra<rture  for  chipping. 

Among  the  African  savages,  because  they  possess  iron  which  may 
be  worked  from  the  ore,  edge  or  slashing  weajions  have  been  espe- 
cially elaborated. 

Among  the  American  aborigines,  where  obsidian,  jusixir  in  all  its 
varieties,  chert,  quartz,  and  other  siliceous  stonei)  abound,  piercing 
weapons  seem  to  have  been  the  favorite  class. 

'These  two  nnlijrcta  as  i]evelo]ie<l  liy  the  Aiiirrimii  nl>urL){iiios  will  lie  treated 
■Dbeeqiientl}-.     Shields  niid  aniior  will  lie  tlognrilieil  liy  Mr.  Waltt-r  ]Ii>ii);li. 
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However,  each  of  the  chief  types  of  savagery  poneesBes  in  some  form 
the  three  great  classes  of  bruising,  slashing,  and  piercing  weapons. 
For  instance,  tlie  Polyiiesianu  had  the  dab,  the  spear,  and  the  shark'a- 
teeth  sword.  The  Africans  fouglit  with  knobsticks,  assegais,  bows 
and  arrows,  and  edge  weapons  in  groat  variety.  The  AinericaiiB, 
os|>ecially  the  Mexicans,  developed  a  Hwonl  with  obsidian  edge  and  tUe 
tomahawk. 

The  farther  subdivision  of  these  three  classes  of  weapons  is  based 
npoD  their  mauipnlation.  P^very  weapon  and  every  tool  consists  of 
two  parts — the  working  part  and  the  manual  or  operative  part,— that 
wliich  wounds  or  kills  and  that  by  which  it  is  held  or  worked.  Indeed, 
the  fact  is  sometimes  overlookeil  that  the  manuiit  or  oi>erative  part  of 
a  tool  or  weajmn  has  undergone  greater  changes  in  the  course  of  his- 
tory than  the  working  part.  The  bow  therefore  must  be  studied  quite 
as  carefully  as  the  arrow. 

In  the  rudest  form  of  tool  or  weapon  a  single  piece  of  stone  or 
wood  serves  both  purposes,  but  even  in  this  simple  form  one  part  fits 
the  hand  better  and  the  other  is  more  adaptetl  to  the  work.  A.  stone 
UKed  for  bruising  generally  has  one  end  better  fitted  to  theliaiul  i)nd  the 
other  shaped  by  nature  to  efteet  the  puriM>se.  The  stick  used  as  a  spear, 
or  a  dab,  or  a  sword,  even  in  savngery,  has  the  differentiation  of  hold- 
ing end  and  working  end. 

This  study  of  the  manual  end  of  a  weapon  gives  rise  to  the  classifi- 
cation of  Adrien  de  Mortillet  into  weaiwns  beld  and  used  in  the  hand, 
weapons  thrown  from  the  hand,  and  weapons  worked  by  some  interme- 
diary apparatus  between  the  hand  and  the  working  part. 

Balbstic  weapons  of  America  are  bolas,  throwing-sticks  or  sling- 
boards  with  their  varied  darts,  slings  and  stones,  blow-tubes  and  darts, 
and  bows  and  arrows.  Some  tribes  are  said  to  throw  the  tomahawk 
-with  gowl  effect.  Each  of  these  involves  mechanical  jirinciples  worthy 
of  the  most  careful  study. 

In  this  paper  attention  will  be  confined  to  the  types  of  bows,  arrows, 
andquiversof  the  North  American  aborigines,  witbincidental  references 
to  simitar  forms  found  elsewhere.  It  is  true  that  the  tribes  included 
within  this  area  develoi>ed  the  greatest  vnriety  of  forms  of  primitive 
bows  and  arrows.  The  built  up  bows  of  Asia,  studied  and  described 
by  Mr.  Balfour,*  are  of  a  higher  order  of  invention  and  need  only  be 
mentioned. 

Mexican  bows,  arrows,  and  shields  have  been  carefully  described  by 
Mr.  Adolf  IJandelier.  The  South  American  area  has  been  little  inves- 
tigated, but  tbe  North  American  Indian  archery  affords  an  excellent 
opiwrtunity  for  the  consideration  of  all  the  forces  and  devices  which 
entered  into  human  inventions  as  motives. 

The  geographic  distribution  of  materiiits  fc  weapons  and  of  game 
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has  given  rise  to  an  infinite  variety  of  forms.  Tlie  failure  nf  eertain 
kindn  of  trees  in  many  places  lias  put  the  bowyers  to  their  wit's  cud  in 
devising  subntitutes  for  producing  the  1>ow'b  elasticity.  The  exigen- 
cies of  climate  and  tlie  gloved  hand  modify  the  form  of  the  arrow  in 
Borne  regions.  The  progress  of  culture,  the  demands  of  socinlcutftoras, 
and  skill  of  the  manufacturer  enter  into  the  study  of  the  bow  and  the 
arrow.  In  other  words,  in  pa-tsing  from  the  Mexican  border  northward 
to  the  limit  of  human  habitation,  one  finds  the  rudest  arrow  and  the 
rudest  bow  and  the  most  elaborate  arrow  an<l  bow  ever  seen  among 
savages. 

Again,  in  making  thia  journey  he  will  observe  bow  quickly  bis  passage 
between  certain  isotherms,  forested  regions,  deserts,  tallies  with  a 
sent^itiveness  of  the  bow  or  the  arrow,  which  take  on  new  forms  at 
every  degree  of  latitwle  or  temi>erature. 

Finally,  if  the  student  i)e  observant,  the  arrow  will  write  for  him  long 
chapters  about  the  people,  the  lishea,  birds,  and  l>easts  of  tbe  separate 
regions  and  their  peculiar  habits. 

The  following  scheme  of  weapons  devisetl  by  M.  Adrien  de  Mortillet 
is  mmlitied  to  At  the  North  American  Area. 


.  Held  In  the  hand  — ^tonea,  cliiba. 

.  At  end  a/  handle.— Piig&xnoggana  and  camo  trttea. 

.   TArotna  from  hand. — Sling  slones.  rubbit  aticks,  bolox. 


4.  Held  i«  haud.—BUtuo  d^gers  and  BWnrdB. 

5.  At  end  of  handle. — Sioiiic  war  clubs,  toiimbawki. 

6.  Thr<yK)i  /ram  hand. — Little  used. 


7.  Held  in  hnnd. — Bono  ivnil  atone  dsg)^rs,  slave  killers. 

8.  .It  end  of  hwadlr. — Lances  of  all  kindn. 

!l.  iVnjVc/t'en.— .\rT0W8,  harpoons,  blow-tiibo  dartx. 

Besides  those  thrown  finni  the  hand — stones,  rabbit  stii^ks,  and 
bolas— there  were  four  types  of  manual  or  operative  apparatus  used  for 
proiteJIing  missile  weapons  by  the  North  American  aborigines, — the 
bow,  the  throwing. stick,  the  sling,  and  tbe  blow-tube. 

The  throwing -stick  existed  throughout  the  Eskimo  area,  in  soutb- 
enstem  Alaska,  on  the  coast  of  California  and  in  Mexico,  it  is  not  nec- 
essary here  to  more  than  mention  its  occurrence  in  Bouth  America  and 
Australia.  This  weapon  has  lieen  described  by  tbe  autlior  nt  length  in 
the  report  of  the  Smithsonian  Institution  {I8S4),  and  this  paper  wiis 
tbe  starting  jioiiit  of  half  a  doiien  by  ulhers  which  wellnigb  exhausted 
that  subject. 

The  sling  Ja  found  on  the  California  coast  north  of  San  Francisco. 

The  blow- tube  existed  only  in  those  area.s  where  tbe  cane  grew  iu 
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abundance,  especially  in  the  Southern  States  of  tbe  Union.  One  or 
two  tribesof  tbe  Miiskliugean  stock  nnd  the  Cherokces  employ  this  wea- 
pon for  killing  birds  in  swiimpy  places.  The  Oboctaws  about  New 
Orleans  make  atill  acomponndblow-tnbe  by  fastening  four  or  Avereeda 
together  after  tbemannerof  the  Pandean  pipe.  In  Mexico  and  Central 
America  this  weapon  was  common.  In  tnipi<;al  Sonth  America,  liun-- 
ever,  much  care  was  bestowed  upon  tlie  manufacture  of  two  varieties 
of  Zarabatana  constructed  of  two  i>iece8  of  wood  grooved  and  fitted 
together  and  the  Pucuna  made  by  inserting  one  tube  inside  of  another 
and  tamping  the  intervening  places  with  wax. 

From  the  inventor's  point  of  view,  the  blow-tube  with  the  dart,  driven 
to  the  mark  by  the  elasticity  of  the  breath,  should  be  the  antecedent 
and  parent  of  the  gun,  pistol,  nnd  cannon.*  Historically  tbe  archer 
was  the  father  of  the  cannonier.  It  is  doubtful  whether  tbe  inventors 
of  gunpowder  ever  saw  an  American  or  Malayan  blow-tube. 

The  universal  projecting  device  of  North  America  was  tbe  bow  for 
propelling  arrows  and  barbed  harpoons.  It  is  found  in  its  simplest 
form  in  the  south  and  east  and  becomes  more  complicated  as  we  travel 
westwanl  and  northward.   The  following  types  are  to  be  distinguished: 

First.  The  plain  or  "  self"  bow,  made  of  a  single  piece  of  hard,  elastic 
wood,  in  each  locality  the  best  that  could  be  found.     (Plates  lxi-lxiii.) 

Second.  Tbe  comi>oond  bow  made  of  two  or  more  pieces  of  wood, 
baleen,  antler,  born  or  bone  fastened  together.     (Plate»  lxii,lxiv,lxv.) 

Tliinl.  Tbe  sinew-lined  bow,  consisting  of  a  single  piece  of  yew  or 
other  wood,  nn  the  backof  wbiirh  shredded  sinew  is  plastered  by  means 
of  gine.     (Plates  lxi-lxiii.) 

Fourth.  Tbe  sinew-corded  bow  used  almost  exclusively  by  the 
Eskimo.  They  are  made  from  drift  and  other  wood  and  backed  with 
finely  twisted  or  braided  sinew  cord  and  reinfurceil  with  wedges, 
splints,  and  bridges.     (Plates  LXV-LXXiii.) 

Eiicb  one  of  these  four  types  may  be  subdivided  acconling  to  the 
region  or  tribe.  Every  locAtiou  furnishes  a  species  of  wood  or  material 
best  suited  for  the  bow-inakcr,  and  this  has  its  effect  upon  tbe  structure 
of  tlie  weapon.  The  game  U>  be  killed  is  another  canse  of  variation.  The 
tribal  fashions,  and  material,  and  game,  bring  to  pass  a  goodly  nnmiaer 
of  special  forms  of  bows  which  will  now  have  to  be  studied  in  more 
detail,  commencing  at  the  south  where  the  structure  is  simplest  and 
proceeding  to  the  north  where  it  is  most  complex.  Associated  with 
each  type  and  structure  and  region  of  the  bow  wals  its  ai>propriate  arrow. 
Nothing  ctmld  be  more  intimate  than  this  relationship.  It  might  almost 
with  safety  be  said  that  the  arrows  of  each  culture  region  could  be  shot 
with  little  effect  from  the  bows  of  another  region. 

Again,  exceiiting  the  little  piercer  at  tbe  end,  which  does  the  killing, 
tbe  arrow  shaft  and  feathers  and  nock  really  belong  to  the  bow,  that 
is,  to  the  manual  or  operative  i)art  before  mentioned. 

1,"  ia  It  derivative  from   the 
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VOCABULAKY  OK  AliCHEHV. 

ARChp.k,  olil  Kreiii'li  airh'ier,  Lntin  arrarint,  trimi  arcnB,  n  bow;  unwbo  b hoots  nilh 

a  bow ;  wlieiira  ai'rher.v.  nLooting  with  a  boir. 
Arm -I!  ['A  HI).     Tbo  .TikpiineHe,  iu  rolenaing,  revolve  tho  bow  iu  tlie  left  haml;  n  );uBr<l 

ia  worn  on  the  outer  aide  of  tlio  foreiirm  to  cutch  the  blow  of  the  etriug. 
Arrow,  :i  piercin);.  sttiiiDing.  or  ciittiDgniisaih'  shot  l>om  n  bow.     Tb«  posaihle  paTts 

arc  tlie  pile  orliead.  Ifnrb-pieri',  fiireBban,  abaft  or  ntele.lVntberitig,  nock,  anil  aei?.- 

lugs. 
Arrow  ckmkxt,  snbaianiM!  dhem)  in  faatentn);  the  airoir-beai]  to  tbo  Nhaft,     A  few 

triliCH  (ISO  gliioor  renieiit  in  muhiug  tiie  sinew-backndbow, 
AiinMWiiEAD.  tbo  part  of  nii  arrow  ilcsit,'ueil  to  prmlucoa  wonuil.     The  parta  of  tbo 

primitivu  atone  nrrow-h(>nil  arc  the  tip  or  apex,  fiices,  ardea  or  eiltfoa,  boae,  aliauk 

or  tang,  nn<l  fncetles. 
Arrow  PTRAiGiiTENF.R,  II  piece  of  bone,  horn,  wooJ,  or  ivory,  with  ii  perforation  to 

serve  na  a  wrench  in  atraightoning  arrow-shafts,  barbi,  etc. 
Back  (side),  tba  part  of  the  bow  away  fi-oui  the  archer. 
UAckKii.     A  bow  ia  bnrkctl  when  Along  the  oiitaide  are  fastciieil  strips  M'  wood, 

bone,  lioru,  mwhiil<t,  baleeu,  siuew,or  conl  ti> incrense the  olaaticit.v- 
Ualdhii',  Iho  atrap  Bnp)iortinf{  ii  quiver  or  aheatb,  being  worn  over  one  shonliler, 

acroaa  the  brcnHt,  anil  nniler  the  opposite  arm ;  generally  iiincli  ornameateil. 
IlAitli-i>iei'R.  thi,  ]iiece  of  ivory,  etc.,  on  some  nrrowa  nttuched  to  the  true  head,  nnil 

having  barbs  on  the  sides.     Tbia  ehonld  be  ciirufully  discriminated  fraiii  the 

foreshaft,  which  baa  another  fiinction  ultogether. 
Bask  of  an  arrow-head,  the  jiortiuu  which  fits  into  the  shafl. 
Kfxlv  (inside),  tba  part  nf  a  bow  toward  tho  archer,  iiaually  rounded. 
Low,  an  elastic  weapon  ftir  ranting  an  arrow  from  a  strinfT.     i^'^  Self-bow,  eoni- 

ponud  bow,  backed  liow,  graflc^l  bow.  buill-np  bow.)     It  is  the  mannal  part  of 

the  weapon. 
How  AltM,  thu  arm  holding  the  bow. 
Bow  CASK,  n  louc  bagorciiBouf  wood,  akin,  leather,  or  cloth,  in  which  the  bow  is  kept 

when  not  in  iiae.     Saiuo  aa  qnivet. 
Bow  BTAVR,  the  bow  in  n  rongh  st»te.     Itow-staves  were  an  imi>ortant  item  of  com- 

nicrco  prior  to  the  nan  of  gun-powder  and  every  thrifty  Indian  kept  several  on 

hand  to  woik  ou  at  his  leiaure. 
Bnw-HiioT.  the  diatam-e  to  which  an  arrow  flies  from  n  bow. 
HoW'THiNa,  the  Hiring  nacd  in  discharginj;  a  liow.     Tbo  anbalancnH  iihoiI,  the  method 

of  treatment,  and  of  nocking  an;  iniportant  to  notice. 
]li)W  WOOD,  the  Bllbstanf^rs  llaed  for  bows,  generally  wood,  but  horn,  niltler,  bouc,  iiud 

metal  have  been  employed. 
Bow*rKK,  a  maker  of  iiowa.     In  many  tribes  these  were  iirofesaional  liowyers. 
Brackr  (wrist-guard),  a  cnntrivanco  for  protecting  the  archer'a  wrist  from  being 

galled  by  bia  bowatring. 
Bral'ISU  (Htriu)(ing).  bending  the  bow  and  putting  the  eye  of  the  string  over  tbo  up- 
per nock  jireparatory  toahouting.    The  dilferent  methods  of  bracing  throughout 

the  world  form  an  iutereatingaludy. 
Built-up  row.  one  made  by  glueing  jiieres  of  elastic  wood  and  other  aiibatanccs 

together,  aa  in  Asiatic  examplea  (H.  Balfour,  Joui:  Anilirop.  I«at.  vol.  xix.) 
Bl'TTfi,  jiyramidal  liajika  of  earth  used  fnrmerly  for  targets. 
Bi'Tl-siiArT.  a  blunt  arrow  for  shooting  al  a  butt,  the  ancient  atyl«  of  t-arget. 
CiiirriNU  liA.iiJiKR,  ealle.l  also  hammer  stone,  a  stone  used  for  knocking  olf  chips  or 

apalla  iu  making  atone  arrowhcada.     There  are  really  two  kinds  of  these  bani- 

niera,  thu  hummer  alone  and  Ibe  chipping  hammer. 
Co<.'K->'KATiiKi:,  that  IViither  of  an  arrow  which  is  upiierinoat  when  the  bow  ia  drawn. 
COMi'iiuM)  now,  made  of  Iwo  or  more  (lieccH  of  wood,  bone,  anilor,  bom.  or  whale- 
bone lashed  or  rivete<l  or  spliceil  together. 
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EvK,  the  loop  of  a  bowstring  nbicb  pnaneH  over  tli?  upper  nock  In  bmciDg. 

Facrk,  tlio  Uriiail,  flat  portions  or  an  arrowbeud. 

Facettes,  tbe  little  Biirrnces  left  by  chipping  ""^  ^  stone  arrow  bead. 

Feathering,  tbtt  strips  of  feather  at  the  bntt  i>r  ao  arroir,  iuchiiliug  the  nMthwl  of 
seiziD^or  fHHtfiuing. 

FiAKER.Ibe  pointed  implemeDt  of  bone,  nutlf r.  eli:.,  nxeil  for  sbaping  tliat  arrow- 
heads, spoarbeads,  etc.,  by  jiresauro. 

Flrtchkii,  and  an'ow  maker,  akin  toflrrhe. 

Footing,  a  piece  of  wood  iniwrted  in  tbo  shaftmeBt  ofau  arrow  at  Iho  nock. 

FORESHArr,  a  piece  of  bard  wood,  bont',  ivory,  outli-r,  etc., at  tbo  front  end  of  an 
arrow  to  give  weight  nnd  to  serve  for  tbe  attacbment  of  tbe  bead  or  movable 

Grafted  bow,  a  species  of  componnd  bow  forniod  of  two  pieecs  joined  together  at 

tbo  handle  or  grip. 
GBir,  tbo  part  of  a  bow  grasped  in  Ihe  band.    Tbe  same  term  sbonld  be  applied  to 

the  corresponding  part  of  swords,  daggem.  etc.,  where  it  is  d liferent Jated  in 

Guard  (wrist  guard),  a  shield  of  leather  or  other  substance  fastened  to  the  wrist  of 
the  left  hand  to  prevent  iDJary  from  tbe  bowstiini;  (see  bracer). 

HOHNS,  l^bc  ends  of  a  bow  callml  also  onre. 

Limbs,  the  parts  of  a  bow  above  and  below  the  handle  or  grip. 

Nock,  properly  the  notch  in  tlie  horn  of  tbe  bow,  bnt  applied  also  to  the  whole  of 
that  part  on  which  the  string  is  fusteni-d.  Upper  nock,  the  one  held  upward  in 
brociugi  lower  nock,  the  one  ou  the  ground  in  bracing;  also  the  notcheil  port 
in  the  end  of  an  arrow. 

NocKiNC,  placing  the  arrow  on  tlio  string  preparatory  to  shooting. 

Nocking  pniNT,  that  place  on  a  bowstring  where  tbe  nock  of  the  arrow  is  to  be 
tittwl,  often  whipped  with  silk. 

Noose,  the  end  of  a  string  wbii-h  occnpies  the  lower  ham  of  n  bow. 

Over  arkows,  those  shot  over  the  i-entiT  of  thp  mark  and  beyond  the  target. 

Overhand,  shooting  overhand  is  to  shoot  nt  the  mark  over  the  bow  hand,  when  the 
bead  of  the  arrow  is  drawn  inside  of  the  bow. 

Packing,  of  leather,  lish  skin,  or  other  soft  substance  nsed  in  binding  tbe  nocks  and 
the  grip  of  bows. 

PlLR,  tbe  head  of  an  archery  arrow ;  any  arrowhead  may  bear  the  sane  name,  in 
which  case  we  have  a  one-pile,  two-pile,  tUroe-pile  arrow,  etc. 

Pitching  tooi.,  or  knnpping  tool,  n  colnmu  of  antler  or  other  banl  sniwtaoce,  used 
between  tbe  hammer  and  the  core  in  knocking  off  flakes  of  stone. 

Quiver.     A  case  for  holding  tbo  wi-apous  of  tbe  an'hor— bow,  arrows,  Rre-bog,  etc. 

Reinfurcbmrnts,  splints  of  a  rigid  materini  hiiild  into  a  compound  or  sinew- 
backed. bow, 

Rei.EASK,  lotting  go  tbe  bowstring  in  shooting. 

Prof.  E.  S.  Horse  cbaracteri/oa  the  various  releases  as  follows: 

1.  Primary  release,  thumb  and  first  joint  of  forefinger  pinching  the  arrow 

2.  Secondary,  thumb  and  second  joint  of  forefinger,   middle   finger  aiso  on 

3.  Tertiary,  thnmb.  and  three  lingers  on  the  string. 

4.  Mediterranean,  fore  nud  uiiddle  lingers  on  the  string. 

6.  Mongolian,  thumb  on  string,  with  or  without  thumb  ling. 
Rbteueviko  ahrow,  one  with  a  lurbed  head  designed  for  retrieviug  fish  or  bnrrow- 

ing  game. 
RtBAND,  a  term  applied  to  the  stripes  painted  on  arrow  shofta,  generallj'  oronnd  the 

nbafiment.      lltese  ribands  have  been  called  clan  marks,   owner  marks,  gama 
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Sbpik.     (5ee  Thumb  riug.) 

Sri.F  iiiiW  <siiii[i1u),  miulo  of  a  single  picoo  of  wooil  or  utlicr  uinterlul, 

Shakt,  anuiotitly  an  nrrow,  Init  Htrictly  thu  portiun  behiuil  tbo  Leail,  iind  in  ii  fore 
Hbaftvil  arrow  tUo  lijfliter  portiou  beiiiud  tho  foreshnft. 

Shakt  GRi»)VEs.  furrow  cuts  nlong  iiii  nirow  abaft  from  tb«  bciul  backwani;  llioy 
have  been  oltad  blood  ^roovuH  niiil  lightoiiigf^riHivea,  but  tbeao  names  are 
objeRtioaalilo  M  iovulving  theories  of  fanction  little  iiiiderBtood. 

Shaktmkxt,  ttie  part  of  an  arrow  ou  wliich  tbo  feathering  is  laid. 

Shank,  the  part  of  ati  urrowbeail  rorroHponding  to  the  tnuK  of  tbe  nwurd  blmle, 

SiiDKT  ARnowM,  tboBo  which  full  short  of  tbo  mark. 

Siiio  of  :in  iirrowbpad,  tlio  shnrpened  (mrtioiis  betweon  the  up<'K  ami  tlio  base,  also 
called  the  oilgea. 

SiNKW-OACKKii  now,  oiie  whose  elasticity  is  increased  by  the  use  of  Hi  new  along  the 
back,  cither  in  acaVile,  as  among  tho  Kskimu,  or  laid  onnolid  by  moaua  of  glue, 
nH  in  tho  wcat«TU  United  fitat^s.     Wedges,  bridges  and  nplints  are  also  used. 

Slkii!IIT,  tho  fiicility  with  whii-h  nii  archer  releases  his  bowstring. 

Ri-AU.,  a  large  Hake  of  stone  knocked  olTin  blockiog  out  arrow  hcails. 

Stbi.k  (stale,  shaft),  the  woodcu  part  of  nn  arrow,  an   arrow  without  feather  or 

StriMiKB,  a  maker  of  liowstrings. 

Tarckt,  a  disk  of  straw  oovcreil   with  cuuvoh,  on  which  are  painti-d  concentric 

rings,  used  in  archery  ns  a  uiark  iu  lieu  of  the  nncieiit  butt. 
Tiii!MU  ring,  a  ring  worn  on  the  thunih  in  archery  l>y  those  peoples  that  use  the 

Mongolian  release;  culled  aotln  by  the  Pi^rsians. 
Til',  a  lurm  applied  to  tho  sharp  apex  af  an  arrowhead. 

Tit.\.Pt:CTOiiv,  tho  curve  which  an  arrow  describes  in  space,  may  be  llat,  high,  etc. 
VEXEBrt,  a  tbin  atrip  of  tougb,  elastic  substuucc,  glued  •"  the  bark  of  a  bow, 
WRKiiiTof  It  )>ow,  the  nnmbcr  of  pounds  rciiuirei!  to  draw  n  bow  nntil  tho  arrow  may 

stand  between  tbo  ntring  and  the  belly,  ascertained  by  Huspcnding  the  bow  at 

its  grip  and  drawing  with  a  spriug  scale. 
WllLPPlMi   (selling,  serving),  wrapping  any  part  of  a  bow  or  arrow  with  curil  or 

sinew  regularly  laid  on. 
WiiiK  AHROWS,  those  shot  to  the  right  or  left  of  tbo  mark. 

Must  of  the  woi'da  coiitiiiiie<l  in  this  vocrabuUiry  stuiitl  for  character- 
istics Tvbich  are  imiiortatit  in  tbe  sttuly  «f  bmvs  aud  arrows  iiccordiog 
to  iiiitiirai  history  method)^.  By  iiieaus  of  tbese  t«rmH  any  number  of 
bows  and  arrows  may  be  laid  out  so  as  to  become  tyjtes  for  all  snb- 
scqiieiit  ncccssiooM  and  classifications.  False  information  is  thus 
elimiiiated,  slowly,  but  tbe  mo»t  scruiitilons  curator  is  not  able  to  get 
rid  of  all  that  at  oikt. 

In  all  time.s  tbe  Imw  and  tbe  sirrow  liave  been  tlie  basis  of  much  art 
and  metaphor.  Not  only  is  tbis  true  in  bigber  culture,  as  in  the  Bible, 
the  Homeric  poems,  or  tbe  "  ariow-beail"  writing  of  tbe  ^lesoi)otami- 
ans,  but  even  among  tbe  North  American  Indians.  Tbe  charming 
Ute  ditty, 

The  doughty  unt  marched  over  the  hill 
With  but  one  arrow  in  his  univer, 
could  easily  be  matched  in  other  tongues.  The  Indians  of  tbe  South- 
west f».sten  an  arrow  dii>i)ed  in  blood  on  the  br>dtes  of  their  stone 
fetiches  and  call  them  the  lightning.  And  Mr.  Frank  Cushiug  sug- 
gests tliiit  the  positions  of  the  elements  in  cniieiform  writing  are  those 
of  arrows  dropfwd  from  the  band  in  divination,  CiOO'Hc 
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Id  ancient  times  there  was  no  otiier  wea|)ou  into  whicli  a  huinan 
being  could  throw  so  much  of  himself— his  bands,  lii-s  eyes,  liis  whole 
mind,  ami  body.i  At  any  rate  this  is  true  of  North  America,  where 
this  arm  was  pre  eminent.  In  Polynesia  and  in  Africa  the  case  would 
be  different.  All  of  the  o«rly  travellers  in  America  si)eak  of  the  sincere 
attacliment  of  the  warrior  or  the  Imnter  lo  liis  artillery. 

The  noteworthy  parts  or  eliara^-teristics  of  a  Imiw  are— 

1.  Back,  or  part  of  Ihc  bow  awaj  from  Ihu  archer 

2.  Belly,  or  part  towanl  tlii'  arcber. 

3.  Limbs, or  parts  above  aii<l  below  the  grip.     AImi  cmIIciI  arniH. 

4.  ficip,  or  portion  lieJJ  in  the  baDil. 

5.  Nocks,  or  ends  upon  whicli  the  bowstriiiR  iv  attached, 

6.  HornH.  <ir  parts  projecting  l>6j-ond  the  limbs,  at  tbe  end  are  Ihe  imoks. 

7.  .String,  made  of  sinew,  bablche  or  cord. 

8.  Seizing,  appKc.ition  •>{  string  to  prevent  tho  splitting  of  tliu  wood. 

9.  Back in|T,  sinew  or  other  Hnltfitancu  laid  on  tu  inrrcase  tlieelaalicity. 

10,  Wrist  guard,  any  device  to  prevent  tho  bow-string  frura  wiiunding  the  wrist  of 
the  left  hflnd. 


Bows,  as  to  strnctnre,  are — 

ii  pie 


1.  Self  bows,  maile  of  n  singlii  piere.     Of  thesn  tbe  hurnH  may  b.«  HDjiarale. 
r  in  a  cable.     Called  sinew  forded  bows. 

I  with  einew    ■  ulaeil  on.    Sinew  lined  bow. 

2.  Ba'-keJ  bows?  <  wrapped  abont.     Seizeil  bows. 

(  with  vnni-isr       many  kinds,. 

3.  Compound. 

Bows  are  Ut  be  studied  also  jis  to  tlieii-  materials,  their  sliu^w,  their 
strength,  their  hist«)ry,  and  their  tradition.     (Plates  lxi-x(;v,) 

In  every  Indian  wigwam  were  kept  bow-atiives  on  hand  in  difierent 
stages  of  readiness  for  work.  Indeeil,  it  lias  been  often  averred  that  an 
Indian  was  always  ou  the  lookout  for  a  g(H)d  piece  of  wood  or  other  raw 
material.  This,  thought  he,  will  make  inc  a  good  snow-show  frame  or  bow 
or  arrow  and  I  will  cut  it  down.  These  treasures  were  put  into  earofiil 
training  at  once,  bent,  straightened,  steamed,  scraped,  shaped,  when- 
ever ft  leisure  moment  arrived.  So  thrifty  Indian  was  ever  caught 
without  a  stock  of  artillery  stores. 

lust^ances  are  on  record  where  the  wood  for  bows,  the  scions  for  arrows, 
the  stones  for  beads,  and  even  the  plumage  f<)r  the  feathering  were 
articles  of  commerce. 

As  a  rule,  however,  the  savajre  mind  had  as  its  problem,  not  that  of 
the  modern  of  ransiuiking  the  earth  for  materialsiind  transferring  them 
toartiticial  centers  of  consumption,  buttliedeveiopmentof  tlierti-sourcea 

•  Consult  II<-nrr  Balfour,  '■  Tho  Strnctnre  and  Affinity  of  tho  Compositi-  How," 
J.  Anihrop  Intl.,  l.oud.,  Xix;  .lofaii  Mnrdoih,  A  Htudy  of  llin  Kskiuio  bowH  in  tbe 
U..S.  National  Museum,  Sinithson.  Rep.,  18M,  pt.  ii;  li.  X.  Anncbin,  Bowh  and 
Arrows,  Trans.  Tiflia  .Archii'ol.  Congn-sa,  Ml}^tcow',  1887;  Lano  Foi,  Catalogue- 

f  BnrtoD  would  claim  this  honor  for  the  sword. 
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of  eiuth  culture  nrea,  to  make  thn  bow  and  the  arrow  that  each  regioR 
would  best  help  bini  to  create.     Hia  was  an  epoch  of  differentiation. 

"The  rule  laid  down  by  the  Apaches  for  making  their  bows  and 
arrows  waa  the  following  says  Bourke: 

"  The  length  of  the  bow  or  rather  of  the  string  should  be  eight  times 
the  span  from  thumb  to  little  finger  of  the  warrior  using  it. 

"Thpcurvature  of  the  bow  was  determined  almost  entirely  by  indt- 
vidnal  strength  or  caprice. 

"The  arrow  should  equal  in  length  tho  distance  from  the  owner's  arm- 
pit to  the  extremity  of  his  thumb  nail,  measured  on  the  inner  side  of  bis 
extended  arm ;  the  stem  should  project  beyond  the  reed  to  a  distance 
equal  to  the  span  covered  by  the  thumb  and  index  finger.  This  meas- 
urement included  the  barb  when  mnde  of  sheet  iron.  The  iron  barb 
itself  should  be  as  long  aa  the  thumb  from  the  end  to  the  largest  joint. 

"Torquemada  says  that  the  Ohichimecs,  among  whom  he  includes 
the  Apaches,  made  bows  according  to  their  stature,  a  very  vague 
expression.     (Mon.  Ind.  lib.,  xxi,  introduction.) 

"  Oomara  says  that  the  Indians  of  Florida  traen  arcos  de  doce  palmas. 
{Hist,  de  las  Indian,  181.) 

"Laiida describes  the  Indians  of  Yucatan  as  making  bows  and  arrows 
in  the  manner  of  the  Apaches;  La  hirgura  del  arco  es  siempre  algo 
menos  qiie  el  qtie  lo  trac."  (See  Co»m  de  Yucatan,  Branseur  de  Bour- 
boiirg,  Paris,  1864.») 

Biusgert  says  the  bows  of  the  Ivower  Oalitbrnia  Indians  were  more 
than  six  feet  long,  slightly  curved,  and  made  from  the  root  of  the  wild 
willow.  The  modern  cottonwood  bow,  from  the  satue  region,  is  a  long, 
clnmsyaffair,  very  near  to  the  most  primitive  types.  (Plate  LXi,  fig.  1.) 
The  bow-strings  were  said  to  be  ma<Ieof  the  intestines  of  beasts.  The 
shafts  of  arrows  were  common  reeds  straightened  in  the  fire,  six  spans 
long,  feathered,  fore-shaft^id  with  heavy  wo<k1,  a  span  and  a  half  long, 
with  triangular  flint  |>oint.f    (Plate  XLi,  fig.  2.) 

Goville  says  that  the  Panamint  Indians  of  Death's  Valley,  ('alifornia, 
make  their  bows  from  the  desert  juniper  {Juniprrus  caUfomica  utaheii- 
sis).  The  Indian  prefers  a  piece  of  womt  from  thetrunkor  a  largelimb 
of  a  tree  that  has  died  and  seasoned  while  st-anding.  In  these  desert 
mountains  moist  rot  of  dead  wood  never  occurs.  The  bow  rarely 
exceeds  three  feet  in  length  and  is  strengthened  by  gluing  to  the  back 
a  covering  composed  of  strips  of  deer  sinew  laid  on  lengthwise.  The 
string  is  of  twisted  sinew  or  cord  made  from  twisted  hemp.f 

These  Panamint  belong  to  the  Bhoshonean  stock,  spread  out  over  the 
Great  Interior  Basin,  and  all  the  tribes  use  the  sinew-lined  bow,  with 
transverse  wrappings  of  shredded  sinew.    (Plate  lxi,  tig.  4.) 

The  bow  of  the  Ohemehuevis  (Shoshone^n)  is  characteristic  of  the 
stoirk  to  which  they  belong,  being  of  hard  wood  common  in  the  region, 
elegantly  backed  with  sinew  and  bound  with  shredded  sinew,  orna- 

■  CHpt.  .1.  G.  Bourke,  letter. 

1  .Imilloonian  Ueporl,  18&1.  j..  .102. 

IJw.  AnlhTop.,  Wushiugtou,  1892,  vo).  v, 
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meuted  also  at  the  eod  by  the  Bkin  or  rattle  of  tbo  rattlesnake*  The 
type  belongs  to  tbe  stock  everywhere. 

"  The  Apache  Imjw  was  made  always  of  the  tou^rh,  elastie  uouotaiii 
mulberry,  called  par  excellence,  'Iltiii,'or  bowwood.  Occasionally  the 
cedar  was  employed,  but  the  bows  of  born,  such  aa  were  (o  be  seen  among 
the  Crows  aud  other  tribea  of  the  Yellowstone  region,  were  not  to  be 
found  among  tlie  Apaches  and  their  iieighboia  of  Arizona. 

"  The  elasticity  of  the  fiber  was  increased  by  liberal  applications  of 
bear,  or  deer  fat  and  sinew  was,  on  rare  occasions,  glued  to  the  back 
for  tlie  same  purpose,  f 

It  is  not  probable  that  any  southern  trib«>s  of  the  family,  to  which 
the  Apache  belong,  ever  dwelt  east  of  tbe  Rocky  Mountains.  Tbe 
Athapascan  sinew  veneered  bow  is  found  strictly  west  of  tbe  Rockies, 
the  slender  variety  in  tbe  Basin  and  British  Columbia,  the  dat  variety 
on  the  Paci6o  Slope.  The  Navi^jo  also  have  adopted  this  type  of 
sinew-lined  bow. 

The  Cherokee^  lived  in  the  Piedmont  iMirtion  of  the  Appalachians 
in  Carolina,  Qenrgia,  and  Tennessee.  The  finest  oak,  asli,  and  hickory 
abounds  in  this  region.  These  tribes  used  every  variety  of  available 
elastic  wttod  for  bows,  tbe  toughness  of  which  they  improved  by  dipping 
them  in  bear's  oil  and  warming  them  before  the  fire.}  Tbe  Cherokees 
were  Iroquoian  and  their  bows  may  betaken  its  tbe  counteri>art  of  those 
made  by  tbe  Six  Nations.     Tbe  Algonquin  bows  were  Rimilar, 

The  Pawnee  warrior  always  preferre^^i  a  bow  of  boia  (Pare,  and  besides 
the  one  in  actual  use  be  would  often  have  iu  bis  lodge  a  stick  of  t^e 
same  material,  which  at  bis  leisure  he  would  be  working  into  shni>e  as 
a  provision  against  possible  exigency.  Bows  of  this  wood  were  rarely 
traded  away.  Boh  tVarc,  however,  waa  to  be  obtained  only  in  the 
South,  and  for  tbe  purpose  of  procuring  it  a  sort  of  commerce  was  kept 
up  with  certain  tribes  living  there.§ 

Tbe  Bliickfcet  niiulo  their  bows  of  the  Osage  Orange,  but  they  were 
com)ielled  to  procure  it  by  tnulo  from  tbe  tribes  down  on  tbe  Arkansas 
liiver.il  The  Bhickfeet  are  Siouan  in  language  and  dwelt  in  the  buffalo 
country  iu  nortliwestern  Dakota.  They  were  in  tbe  same  mode  of  life 
as  tbe  Pawnees,  who  dwelt  farther  south  and  are  of  the  Caddoan  stock. 
Tbe  whole  length  of  the  Missouri  Itrver  was  traversed  in  tbis  Blackfeet 
commerce.     (Plate  Lxxxiv,  fig.  2.) 

The  Central  Eskimo,  about  Hudson  Bay,  have  two  kinds  of  bows 
(pitique),  a  wooden  one  (Boiis's  figs.  4^38  and  439,  p.  502),  and  another 
nmde  of  reindeer  antlers  (Boas's  figs.  440  aud  441,  p.  503),  Parry  gives 
a  very  good  description  of  the  former  (ir,  p.  510) : 

"One  of  tlie  best  of  their  bows  of  a  single  piece  of  fir,  4  feet  8  inches 
in  length,  flat  on  the  inner  side  and  rounded  on  the  outer,  being  5  inches 
in  girth  about  the  middle,  where,  however,  it  is  strengthened  on  the 

•  Whi|>p]e,  cti-.,  I'at.  H.  li.  Roji.,  vol.  iii,  |i.  3:2. pi. 41,  liow  ninl qiiiv.r. 
I  J.  Q.  lioiirkr,  lctt«r.      .Mho  J.  G.  Morice,  Trans.  Can.  luht.,  iv,  56. 


iTimbiTlnkc.  .|ii«li><l  l.y  .loiios.  So.  Iiidhiiw.  p.  :S2. 
ji  Ttio  Fawneo  IiiiliniiH,  J.  11. 1) 
H  Maximilinn'B  Travels,  p.  257. 


fTlio  FawneoIiiiliniiH,  J.  I!.  Duubar.  ^  C^O(1qI(' 


NOETH    AMERICAN    BOWS,  ARROWS,  AND    QUIVERS.  641 

concave  side,  when  strung,  by  a  piece  of  boDe  10  iiiclics  loug,  flrtnly 
secured  by  treenails  of  tlie  same  material.  At  each  end  is  a  horn  of 
bone,  or  sometimes  of  wood  covered  with  leather,  with  a  deep  notch  for 
the  reception  of  the  string.  The  only  wood  which  they  can  procure 
not  possessing  sulBcient  elasticity  combined  with  strength,  they  ingen- 
iously remedy  the  defect  by  securing  to  the  back  of  the  bow,  and  to 
the  horns  at  each  end,  a  quantity  of  small  lines,  each  composed  of  a 
plat  or  "sinnet"  of  three  sinews.  Tlie  number  of  lines  thus  reaching 
ih>m  end  to  end  in  generally  about  thirty;  but,  be»ide«  these,  seversj 
others  are  fastened  with  bitches  round  the  bow,  in  pairs,  commencing 
S  inches  firom  one  end,  and  again  united  at  the  same  distance  IVom  the 
other,  making  the  whole  number  of  strings  in  the  middle  of  the  bow 
sometimes  amount  to  sixty.  These  being  put  on  with  the  bow  some- 
what bent  the  contrary  way,  produce  a  spring  so  strong  as  te  require 
considerable  force  as  well  as  knack  in  stringing  it,  and  giving  the 
requisite  velocity  to  the  arrow.  The  bow  is  completed  by  a  woolding 
round  the  middle  and  a  wedge  or  two  here  and  there,  drivon  iu  to 
tighten  it. 

The  bow  represented  iu  Boasts  Ag.  439,  p.  503,  is  from  Cumberland 
Sound  and  resembles  the  Iglulik  patt«rn.  The  fastening  of  the  sinew 
lines  is  different  and  the  piece  of  bone  giving  additional  strength  to  the 
central  part  is  wanting.  In  Cumbertaud'  Sound  and  farther  south 
wooden  bows  each  made  of  a  single  piece  were  not  very  rare ;  the  wood 
necessary  for  their  manufacture  was  found  in  abundance  on  Tudjan  (Res- 
olution Island),  whence  it  was  brought  to  the  more  northern  districts. 

The  bows  which  are  made  of  antler  generally  consist  of  three  pieces, 
a  stout  central  one  beveled  on  both  ends  and  two  limb  pieces  riveted 
to  it.  The  central  part  is  either  below  or  above  the  limbs,  as  repre- 
sented in  Boas's  fig.  440,  p.  503.  These  bows  are  strengthened  by 
sinew  cord  in  the  same  way  as  the  wooden  ones,  and  geuerally  the 
joints  are  secured  by  strong  strings  wound  around  them.  A  remark- 
able bow  made  of  antlers  is  represented  in  Boas'a  fig.  441,  ]),  503.  The 
gripisnotbeveled,butcutolf  straightat  theends.  The  joint  isefifected 
by  two  additional  pieces  on  each  side,  a  short  stout  one  outside,  a  loug 
thin  one  inside.  These  are  flnnly  tied  together  with  sinews.  The  short 
piece  prevents  the  bow  from  breaking  apart,  the  long  one  gives  a 
powerful  spring.  The  specimen  figured  by  Boas  was  brought  borne  by 
Hall  from  the  Siuimiut  of  Pelly  Bay,  and  a  similar  one  was  brought  by 
Oollinson  from  Victoria  Land  and  deposited  in  the  British  Museum. 
The  strings  are  attached  to  these  bows  in  the  same  way  as  to  the 
wooden  ones.""     Plate  lxiv,  fig.  4;  lxv,  figs.  1,  2. 

The  compound  Eskimo  bow  is  found  in  a  region  where  timber  does 
not  grow,  where  driftwood  even  does  not  come  iu  such  state  as  to  lie 
serviceable,  and  where  whale^  narwhal,  caribou,  and  musk  ox  furnish 


■  c/.  Fran;:  Bom,  The  Central  Kskimo,  Itep.  Bur.  EtknoL,  vol.  vi,  pp.  502, 503. 
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ideal  matei'ial  for  the  purpose.  Last  of  all  came  the  wbaler  with  plenty 
of  hoop  wood,  and  the  ship's  blacksmith.  In  the  N'atioaal  Mnseum  the 
material  for  the  compooud  bow  is  baleeu,  antler,  horn,  ivory,  and  wood 
from  whale  ships.  The  grip  is  the  foandation  piece,  round  and  rigitl. 
TI16  limbs  are  worked  to  Bbape,  spliced  on  to  the  ends  of  the  grip  and 
seized  in  place  by  a  wrapping  of  sinew  yam  or  cord  or  sinnet.  The 
notches  are  cut  on  both  sides  of  the  nock,  which  is  often  pegged  on  to 
the  end  of  the  limb  with  treenails.  The  whole  class  of  projecting 
weapons  must  be  looked  upon  as  a  lesson  in  techno-geography  and 
as  a  remarkable  example  of  the  power  of  human  ingenuity  to  throw  off 
all  precedents  and  predilections  under  sufficient  stress  and  resort  to 
those  new  methods  which  nature  declares  to  be  the  only  thing  to  do. 

As  previously  intimated  every  ln<lian  boy  learned  to  make  a  bow. 
Every  Indian  man  had  a  certain  amount  of  skill  in  the  art,  and  when 
he  scoured  about  the  forests,  the  capabilities  of  trees  for  his  purposes 
engaged  his  thoughts.  He  saved  up  good  pieces  for  a  rainy  day  and 
made  the  improvement  of  his  artillery  a  pastime.  When  he  became 
old,  if  the  fortunes  of  his  existence  accorded  him  such  a  donbtful  bless- 
ing, he  kept  his  hold  on  his  tribe  by  becoming  a  bowyer  when  he 
could  no  longer  take  the  field.  Since  the  substances  used  in  making 
bows  are  of  the  region,  techno-geography  finds  an  excellent  illustration 
in  the  study  of  the  bows  of  florth  America,  which  may  be  on  this  basis 
thus  divided : 

(1)  The  hard-wood,  self-bow  area.  It  embraced  all  North  America 
eastnf  the  Bocky  Moantaiiis  and  south  of  Hudson  Bay.  This  area 
extends  beyond  the  mountains  along  the  soatliern  border,  and  is  invaded 
by  the  compound  bow  at  its  northeastern  extremity.  Indeed,  in  those 
regions  where  more  highly  difi'erentiated  forms  i)revatled,  it  constantly 
occurs  as  the  fundamental  pattern.  (Plates  lxi-lxiv,  lxxx,  LXXXl, 
LXXXIII-LXXXVI,  LXXXIX.) 

(2)  The  compound-bow  area.  By  the  compound  bow  is  meant  one  in 
which  the  grip  and  the  two  wings  are  separate  pieces,  or  one  in  which 
the  cupid's  bow  is  made  up  of  as  many  bits  of  horn  as  are  necessary. 
There  are  really  two  comiiound-bow  areas,  the  northeast  Eskimo  and  the 
Siouan.    The  former  lias  been  described  by  Boas. 

The  compound  bows  of  the  Sioux  are  made  of  buffalo  and  sheep  horn 
and  of  the  antler  of  the  elk.  Dr.  Washington  Matthews  states  that  he 
has  seen  a  bow  ma<le  of  a  single  piece  of  elk  bom.  All  tlie  examples 
examined  by  the  writer  are  wrapped  with  flannel  or  buckskin  so  as  to 
conceal  every  trace  of  the  joints  matle  by  tlie  union  of  the  different 
parts.  The  compound  bowK  of  the  Sioux  are  tlie  most  beautiful  in 
shapeof  any  among  savage  tribes  and  recall  the  outlines  of  the  con- 
ventional form  of  artists.  In  both  tyiies  the  conijHiund  bow  arose 
from  a  dearth  of  wood  for  making  a  self-bow.     (Plates  LXii,  LXiv,  lxv.) 
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The  liom  bow  was  not  vonflaed  to  the  parts  of  America  inbabited  b; 
the  great  mminants.     PaodaruB'  bow  in  thas  described  by  Hotaer — 

'Twait  formed  of  hum,  and  Bmoothed  with  artful  toil, 

A  mouDtain  goat  desigDed  the  shining  spoil, 

Who  pierced  long  since,  b«Death  his  arrows  hied, 

The  stately  qubrry  od  the  cliffs  lay  dead. 

And  sixt4^cn  palms  bis  brows  large  bonoTs  spTeud. 

The  workmen  joined  and  shaped  the  bended  borus, 

And  beaten  gold  each  taper  point  adorns. 

(Balfour  in  tb«  work  quoted  has  exhausted  this  tbeme.) 

(3)  Ths  sineic-lined  bow  area. — By  sinew- lined  bow  ia  meant  one  iu 
which  finely  shredded  sinew  is  mixed  with  glue  and  laid  on  so  that  it 
rasemblea  bark.  Thin  area  extends  up  and  down  the  Sierras  in  the 
westeru  United  Stat«8  and  British  Columbia,  on  both  slopes,  and 
reaches  us  far  north  as  the  headwaters  of  the  Mnckenzie.     (Plate lxi.) 

The  occurrence  of  hard  wood  in  the  Great  Int«rior  Basin  and  of  yew 
and  other  soft  woods  on  the  western  slopes  gives  rise  to  the  wide,  thin 
bow  iu  the  latter,  and  the  long,  ovate,  sectioned  bow  in  the  basin. 

The  Shoshonean  or  narrow  bow  occupies  the  interior  basin,  and  is 
found  also  in  the  bands  of  Athapascans  in  Canada,  and  Apache, 
Navajo,  and  Pueblo  tribes  farther  south.  Its  chief  characteristic,  in 
addition  to  the  ovate  section,  is  that  in  many  examples,  at  intervals  of 
a  few  inches,  after  the  back  was  laid  on,  it  was  wrapped  with  narrow 
bands  of  sinew.  These  bold  the  backing  to  the  wood  and  prevent  split- 
ting (PI.  LXT).  This  device  seems  necessary  with  these  narrow  exam- 
ples. Scarcely  one  may  be  found  an  inch  across  the  back,  affording  not 
enough  sticking  space  tor  tlie  glue.  With  the  broad  California  bows  it 
was  different. 

(4)  The  ainewcorded  bow  area. — Where  the  bow  has  a  backing  made 
up  of  a  long  string  or  braid  of  sinew,  passing  to  and  (to  along  the  back. 
This  has  been  carefully  studied  and  described  by  Murdoch.* 

He  divides  the  bows  iuto  classes,  and  shows  how  each  of  these 
classes  originated,  piirtly  by  tlie  resources  and  exigencies  of  the 
environment  and  partly  through  outside  influences.  There  are  practi- 
cally four  classes  of  this  corded  or  laced  pattern,  to  wit: 

(a)  The  Cumberland  Oulftype.. — In  these  the  sinew  cord,  or  yam,  is 
made  fast  to  one  nock,  and  passed  backward  and  forward  along  the 
back  of  tlie  compound  bow  forty  or  fifty  times.  In  addition  to  this, 
additional  strength  is  given  by  half  turns  and  short  excursions  to  and 
fro  on  the  back  of  the  grip.  Mr.  Murdoch  considers  this  the  primitive 
type  of  the  sinew-backed  bow.    (Plates  LXtv,  LXV.) 

(&)  The  South  Alankan  type. — The  bow  is  of  wood,  broad,  flat,  and 
straight,  but  narrowed  and  thickened  at  the  grip.  The  back  is  flat, 
and  the  belly  often  keele<I,  and  frequently  a  stiffener  of  wood  or  ivory 
occurs  under  the  sinew  lining.    There  is  a  subtype  of  this  bow  from 

-  Report  of  U.  S.  National  Mtuenm,  1881,  p.  307-316.     Plates  i-xii.  C^ 
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the  Kuskoquim  area,  Id  which  the  euds  beud  backward  abroptly,  so  as 
to  lie  along  the  Btriog,  iis  in  the  Tatar  bow.  Id  this  type  the  Btraods 
of  sinew  cord  lie  parallel,  pass  entirely  from  end  to  end,  and  the  last 
one  is  wrapped  spirally  around  the  reat.  The  whole  of  the  broad  part 
of  the  hmbs  is  often  seized  down  with  spaced  spiral  turns  of  the  cord. 
Next  to  the  Cuniberlaud  type  this  is  simplest,  and  is  only  a  slight 
departure  from  it.    (Plates  LXV-LXTii.) 

(c)  The  Arctic  type. — ^The  bow  is  shorter  and  narrower,  the  ends  are 
often  bent  as  in  the  Tatar  bow,  and  strips  of  sealskin  are  put  under  tbe 
backing.  Tbe  cord  is  always  braided  sinew,  passes  from  nock  to  nock, 
but  is  laid  ou  in  a  much  more  complicated  manner,  and  much  more 
"incorporated  with  the  bow.^'  The  wbole  process  of  laying  on  the 
backing  is  minutely  detu'ribcd  by  Mr.  Murdoch.     (Plates  Licvili-LXx.) 

(d)  The  Western  type. — Bow  broader  aud  flatter  than  the  last,  bat 
less  contracted  at  the  grip,  either  straight  or  Tatar  shape.  The 
backing  is  in  three  parts,  none  of  which  exteud  as  far  as  the  nocks. 
The  first  cable  goes  from  end  to  end  near  the  nocks;  the  second  &om 
elbow  to  elbow,  say  a  foot  from  each  nock;  the  third  along  tbe  straight 
part  of  tbe  back.  The  cables  become  practically  one  along  thegrip.  The 
method  of  laying  down  and  knotting  this  intricate  lashing  must  be 
studied  from  the  figures  (Plates  LXXi,  Lxxii,)  so  that  iu  the  Eskimo  area 
we  have:  (I)Tbeptainorself  bow,  of  one  piece;  (2)  the  compound  bow, 
of  whalebone,  antler,  bone,  ivory  or  wood ;  (3)  the  compound  and  sinew- 
corded  bow;  (4)  the  single-cabled  straight  bow;  (3)  the  single-cabled 
Tatar  or  three-curved  bow;  (6)  the  complex-cabled  straight  bowj  (7) 
the  complex -cabled  Tatar  bow;  (8)  the  three-cabled  straight  bow;  (9) 
the  thi-ee-cabled  Tatar  bow. 

Tbe  material  of  bows  varies  geographically.  Beginning  in  the  south 
tbe  regions  may  be  roughly  marked  off — 

(1)  Mexican  border:  Cottonwood,  willow,  mez4)nit,boisd*arc,  juniper. 

(2)  Southern  United  Stntea:  Hickory,  oak,  ash,  hornbeam,  walnut. 

(3)  Northeastern  United  States:  ltickory,oak,asb,walnut,hornbeani, 
sycamore,  dogwootl,  and,  indeed,  any  of  the  many  st>ecies  of  hard  wood. 

(4)  Mississippi  Y»lley:  Same  as  on  tbe  Atlantic  slope. 

(5)  Plains:  IJoisd'arc coffee  tree  aud  ash,  wood  procured  in  commerce. 

(6)  Interior  basin:  Meziguit  in  the  south,  abandaut  woo''8  in  the 
north,  bard  and  elastic;  species  not  debTmined. 

(7)  Calttbrnia  and  Oregon:  Evergreen  woods,  yew,  spruce. 

(8)  Columbia  Biver:  Same  as  CaUfoniia. 

(9)  Southeastern  Alaska:  Willow,  spruce. 

(9)  Western  Canada:  Biich,  willow,  maple,  spruce,  cedar. 

(10)  Eskimo:  Driftwood  and  timber  from  whitle  ships  and  wrecks. 
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The  bow-atiing  amon^  the  North  American  tribes  was  made  of  the 
following: 

(1)  Strips  of  tough  rawhide  plain  or  twisted. 

(2)  String  made  of  the  best  fibers  of  the  country — hemp,  agave,  etc. 

(3)  The  intestines  of  animals  cut  into  strips  and  twisted. 

(4)  But  most  frequently  of  sinew. 

The  strip  of  gristle  extending  from  the  head  along  the  back  and  serv- 
ing  to  support  the  former,  and  those  taken  from  the  lower  part  of  the 
legs  of  deer  and  other  ruminants  were  selected.  These  were  hung  up  to 
dry.  For  making  bow-strings  the  gristle  was  shredded  with  the  fingers 
in  fibers  as  flue  as  silk  in  some  tribes,  but  coarser  in  others.  These  fibers 
were  twisted  into  yam  on  the  thigh  by  means  of  the  palm  of  the  hand, 
after  the  manner  of  the  cobbler.  For  making  the  twine  some  tribes 
employed  only  the  fingers.  Taking  two  yarns  by  one  end  between  the 
tips  of  the  thumb  and  forefinger  extended  of  the  left  hand,  the  twister 
seized  one  yarn  with  his  right  hand,  gave  it  two  or  three  twists  and  laid 
it  down  on  the  palm  of  the  left  where  it  was  kept  in  place  by  the 
fingers.  Seizing  the  other  yarn  he  rex>eated  the  process,  brought  it 
over  the  first  yarn,  laid  it  on  the  palm,  caught  the  other  yarn  with  the 
fingers  of  the  left  and  seized  the  yarn  first  twisted  with  his  right  hand, 
all  without  losing  a  half  turn.  The  writer  has  seen  this  work  done  with 
great  rapidity.  New  strands  of  shredded  sinew  or  vegetable  fiber  may 
be  introduced  at  any  time. 

Both  in  New  Mexico  and  in  Alaska  the  natives  make  twine  by  means 
of  a  twister  that  works  after  the  fashion  of  the  watchman's  rattle.  But 
this  device  may  be  an  innovation.  The  string  of  the  Cherokee  bow  is 
said  to  have  been  made  of  twisted  bear's  gut.*  The  same  material  is 
mentioned  in  other  connections  east  of  the  Mistiissippi  River.  There  is 
a  faint  suspicion  that  in  some  instances  the  narrator  mistakes  the  sinew 
cord  for  gut  strings. 

The  study  of  the  knots  of  savages  is  yet  incomplete.  Again  many 
bows  are  sent  to  museums  without  strings,  or  unstrung,  or  falsely  strung. 
The  lower  end  of  a  bowstring,  technically  called  the  nooHe,  was  fast- 
ened on  by  the  "  timber-hitch,"  two  half  turns  or  hitches.  There  is  no 
"eye,"  so  called,  wrought  on  the  string,  but  the  bow  is  strung  by  mak- 
ing two  or  more  half  hitches  around  the  notches  at  the  upi»er  end. 
Neither  is  there  any  nocking  point  seizing  on  the  bow-string  of  any 
American  tribe. 

The  ancient  bowyers  made  those  ends  of  their  bows  of  horn  and 
trimme4l  and  polished  them  in  great  fsishion.  Many  examples  from 
the  Malayan  and  the  Papuan  area  have  the  extremities  very  daintily 
carved.  But  the  American  bow  has  nothing  approaching  this.  In  a 
few  Oregon  examples  the  sinew  backing  is  at  the  extremities  gathered 
up  in  a  hornlike  extremity  and  finished  off  with  fiir,  beads,  and  the  like. 

'Jones,  So.  Indians,  252. 
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OtherwiHe  the  end  or  the  bow  stave  is  rounded,  cat  in  on  one  side  or 
on  two  for  tfae  bow-string. 

It  was  not  the  custom  to  apply  a  "packing"  or  a  woolding  on  the 
grip  of  bows.  Tbe  eastern  tribes  did  not.  But  the  compound  bow  of 
the  Sioax,  the  flat  yew  bows  of  tbe  California  tribes,  and  the  ellipsoidal 
sinew-backed  bow  of  the  Shoshonean  tribes,  were  so  treated.  la 
addition  to  this,  in  many  cases,  the  bows  were  painted  in  several  colors, 
geometric  flgores  wwe  marked  on  them,  and  additions  of  bead-worfc 
made  them  quite  flne.  Tliis  decoration  of  tbe  bow  occurs  among  west 
coast  tribes  that  manifest  extraordinary  artistic  tastes  in  baskets  and 
other  work. 

Tbe  warrior  and  the  hunter  tended  their  bows  with  as  much  care  as 
thongh  they  were  children.  Every  time  they  were  used  they  were  care- 
fid  to  oil  them  in  order  to  preserve  their  elasticity.  The  western  Eskimo 
wound  up  his  bow  when  he  desired  to  use  it,  and  was  careful  to  unwind 
and  straighten  it  as  soon  as  the  hunt  was  over.  This  winding  was  done 
by  twisting  the  sinew  cable  along  the  back  by  means  of  ivory  levers 
making  only  a  half  turn,  and  then  sliding  their  whole  length  through 
the  cable  before  repeating  the  process.  The  ordinary  self-bow  wheu 
not  in  use  was  straightened  and  pushed  into  tlie  bow  case.  (Plate 
XCIII.) 

The  anthor  can  find  little  authentic  inforntation  concerning  the 
bracing  of  the  bow  by  the  North  American  Indians.  Those  that  he 
has  seen  perform  the  operation  followed  the  old  English  method,  placing 
tbe  bottom  horn  against  the  hollow  of  the  left  foot,  holding  the  upper 
born  in  the  left  hand,  bending  the  bow  with  the  left  knee,  and  tying  the 
bowstring  with  the  right  hand.  There  was  usni^Iy  no  eye  in  tbe  bow- 
string that  slid  down  on  the  bow  and  pushed  up  into  the  nock  in 
bracing. 

Frequent  reference  is  made  to  the  bracer  or  wrist  guard  of  the  North 
Americans.  In  tbe  far  north  the  glove«l  hand  and  tbe  long  sleeve  made 
such  device  almost  unnecessary,  but  a  few  specimens  of  carved  bone  or 
ivory  objects  in  collections  from  the  hyperborean  area  bear  that  name. 
Tbe  Indian,  par  excellence,  wore  upon  his  left  wrist  a  band  of  rawhide, 
fivm  2  to  3  inches  wide,  as  a  guard  against  the  bowstring.  Many  of 
these  come  from  the  Southwest,  where  they  are  ornamented  with  silver 
and  worn  in  ceremonies. 

"Among  tbe  Tnrok  bows  and  arrows  were  made  by  old  men  skilled 
in  the  art."*  As  will  be  seen  further  on  in  studying  the  arrow,  there 
was  really  no  guild  or  craft  of  bowyers.  In  his  childhood  the  Indian 
made  the  best  bow  he  could.  Whatever  iugeunity  he  expended  upon 
it  yielded  him  an  immediate  patent.  lie  not  only  bad  the  exclusive 
use  of  it,  but  every  improvement  which  he  made  upon  it  inured  to  bis 
advantage  at  once  in  the  form  of  sustenance,  flattery,  and  substantial 
""cial  reward. 

*  Powers,  Conl.  to  N.  J.  Elhnol.,  vol.  Ill,  p.  152. 
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So  far  as  known  ttie  savages  of  America  were  riglit-haQded.  But 
there  is  nothing  in  any  l>ow  from  tlie  noitiiern  portion  of  the  continent  to 
show  this  fact.  Lelt-handetl  archery  was  certainly  quite  nncommon. 
In  a  large  number  of  darting  boards  or  throwing  sticks,  which  under 
certain  t^hnical  exigencies  are  used  by  the  Eskimos  in  place  of  the  bow, 
there  are  only  two  specimens  that  are  left-handed.  Among  the  women 
of  the  same  areas,  not  one  implement  lias  been  found  fitting  the  left 
hand. 

The  conditions  of  sending  an  arrow  into  the  vital  part  of  any  gamo 
are  distance,  wind,  varying  elasticity  of  the  bow,  varying  weight  of  the 
arrow,  proper  shape  of  the  weapon,  penetrability  of  the  game.  Each 
one  of  the^e  variables  is  rendered  aa  constant  as  possible  by  the  hunter, 
in  skulking,  getting  to  windward,  using  wood  of  the  greatest  strength 
tior  bows,  and  making  one's  own  arrows.  The  intellectual  stimulus  in 
the  creation  and  using  of  the  bow  and  arrow  was  incalculable. 

Oliver  Marcy  gives  the  following  on  arrow  penetration : 

"  1  have  in  my  iiossession  t)ie  sixth  dorsiil  vertebra  of  a  buffalo,  the 
spine  of  which  containsan  iron  arrow  point.  The  arrow  struck  the  spine 
almut  2  inches  above  the  center  of  the  spinal  canal,  and  jienetrated  the 
bone  0'b2  of  an  incli.  The  bone  at  the  point  struck  is  0-55  of  an  inch 
thick,  and  the  point  of  the  arrow  protrudes  beyond  the  bone  0*27 of  an 
inch.  The  arrow  was  shot  from  the  right  aide  of  the  animal  and  the 
plane  of  the  point  was  horizontal.  The.  animal  was  mature  and  the 
bones  well  ossified.  Though  the  vertebra  has  been  much  weathered, 
the  epiphyses  adhere  closely.  The  animal  was  not  as  large  as  some 
individuals.    The  whole  vertical  length  of  the  vertebra  is  13  inches. 

"The  arrow  must  have  penetrated  several  inches  of  flesh  before 
striking  the  bone."  • 

He  does  not  take  into  consideration  also  the  thick  hide  and  matted 
woolly  hair,  both  especially  tliictk  at  the  point  struck. 

As  it  is  customary  in  rating  the  stature  of  a  ])eople  to  disregard  the 
giants  and  the  dwarfs,  so  in  rjiting  the  Xorth  American  pto,jectile  we  may 
a.s  well  omit  the  marvellous  and  exceptional  successes  in  oompany  with 
the  egregious  shortcomings  in  order  to  know  the  importance  of  the 
average.  When  these  allowances  are  made,  there  is  enough  to  show 
that  for  accurate  and  rapid  and  effe<!tual  shooting  the  bow  and  arrow 
hi  the  hands  of  a  skilled  warrior  or  hunter  were  a  creditable  weapon. 
The  distance  at  which  an  Indian  bow  will  do  execution  has  not  been 
studied  among  the  tribes.  As  previously  said,  the  design  of  the  hunter 
or  the  warrior  was  to  get  close  up.  In  all  the  sham  battles  which  the 
writer  has  witnessed  from  his  boyhootl,  the  warriors  almost  touched 
each  other.  The  dexterity  with  which  they  parried  and  fenced  with 
the  arm  shield  and  the  bow  and  arrow  was  marvellous.  The  absence  of 
noise,  the  invention  ol'  game  drives,  the  universality  of  decoys,  the 
hundreds  of  disgui.ses,  theefticient  skulking,  the  imitations  of  the  cries 
of  animals,  all  itoiiit  to  the  intention  of  getting  within  a  distance  of  20 
yards  or  less. 


"SeUnet,  vol.  vii,  p.  528. 
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The  Soutb  Americau  weapon  is  half  as  long  again  and  may  do  better 
farther  off. 

At  the  reiiiiest  of  the  author  the  president  of  the  Washington  Arch- 
ery Club,  Mr.  Maxon,  made  experimeats  in  the  penetrating  power  of 
Indian  arrows  and  the  propulsive  power  of  Indian  bows.  The  result 
was  that  the  self  or  plaiu  bows  are  not  equal  to  the  best  archery  bowe. 
But  the  »iiieW'backed  bows  of  the  Pacific  coast  were  capable  of  as  great 
execntioii  as  man  is  capable  of  making.* 

"Constant  pi-actiee,''  says  Oapt.  John  G.  Bourke,  "had  made  the 
Apaches  destrous  in  the  use  of  the  bow,  arrow,  and  lance;  their  aim 
was  excellent,  and  t  he  range  attained  was  perhaps  as  much  as  150  yards. 
I  am  able  from  my  own  recollection  to  supply  a  number  of  illnstrationa  of 
the  great  force  with  which  the  arrow  was  discharged,  althoagh  a  person 
obser\ing  for  the  first  time  an  arrow  coming  toward  him  would  be  sor- 
prised  at  its  apparent  lethargy. 

"In  the  summer  of  I,S71  I  was  riding  by  the  side  of  Gen.  Crook  on  the 
summit  of  the  elevated  pluteau  known  as  the  Mohollon  Mooutaina,  in 
Arizona.  We  were  a  .short  distance  ahead  of  a  large  column  of  caTalry 
and  onr  immediate  party  wa.s  quite  small.  We  ran  into  an  Apache 
an)biisc:ide.  A  number  of  arrows  were  discharged,  two  of  them  pierc- 
ing pine  tree^  to  a  depth  of  at  least  6  inches.  On  another  occasion  a 
pine  door  three-fighths  of  an  inch  thick  was  penetrated.  In  July.  1870, 
a  frientl  of  mine.  M.  T.  Kennedy,  was  mortally  wounded  by  an  Apmdie 
arrow  which  pien^^l  hische^t.  The  aatopsy  disclosed  the  Eftct  that  the 
arrow  had  no  head.~ 

"Mackenzie  si>eiiks  of  having  driven  a  headless  arrow  I  inch  into  a 
pine  log  on  the  Columbia  River  in  1  VtV}.  .See  Voifmget,  London,  1800, 
p.  'XO.) 

"Mitltebran  fi{teaks  of  the  force  with  which  the  Apacbee  shot  their 
arrow;*,  -At  a  distance  of  ;tOO  pjices  tht^y  can  pierce  a  man.*  ( Unir, 
<ii-T>g..  art.  •  Mexico.'"  Eiig.  translation.  Philadelphia,  183^  voL  IH,  lib. 
or  cap.  '^'•th.  p.  :?it>.i  1  doubt  this  very  much,  as  in  my  own  experience 
I  have  limitiHl  thvir  niii^  to  loO  j^ards. 

"CaV'ia  <le  Va«>  #<^ms  to  have  been  greatly  impressed  with  the  dei- 
terity  of  the  In<liaiis  sci-ii  almii:  his  mute  friim  Florida  to  the  Pacific 
c<»;ist  ■iet:!i'!'.ieuts.  He  tells  u:-  that  with  their  arrows  tlieycuoM  pierce 
thmu^h  ivik.'^  a."  thti-k  as  a  man's  thi^h:  ih.it  the  range  of  the  arrow 
H^ts  2«Mi  [\t(-es:  that  $]viiii;)r\ls  had  been  trau>iisetl  by  arrows  notwitii- 
stai:di';s  t'.;-i:  tluy  w,.rv  -^hhI  aniutr.     ,I.i  T^'-i.iw,  voL  TH.  p.  10T,| 

■'IVm  An;o;.:o  K:ii>fo  al-^ti  asst-ris  that  the  wild  inbe«  linng  in  the 
dra::  ajre  ot*  tlse  Ilio  drande  »MUid  jiieryv  a  »>iiai  of  mail  with  (heir 
arrowsk      Sr.  !::s  •  KcIai-it'H,"  in  lUklnyt.   vol.  iii,  W»t.  p,  461.  A.  D, 

"lV»i«t-;  he  l-.-.ti:an>  fcav*  ;r:a:s  of  sk-:i  with  arrows  and 

willoAeii  I  ra:  .•uctjiv.f.     .'vwni.viil.ii.p.lftS.'   Befcra 
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to  Apache  arrows  snnk  up  to  the  feathers  iu  the  giaut  cactus  ou  the 
Bide  of  the  Santa  Oataltiia  Cauyou  in  Arizooa,  1870."* 

Marvellous  stories  are  told  of  the  precision  with  which  the  American 
Indian  could  shoot.  Cockhuru  said  that  the  Indiaos  of  Darien  could 
strike  down  with  arrows  the  smallest  flying  hird.  By  shooting  upvard 
they  were  said  to  canxe  au  arrow  to  pin  a  bird  feeding  on  the  gronud. 
Sticking  a  shaft  in  the  ground,  they  would  ahoot  upward  and  the 
descending  arrow  would  split  the  one  sticking  In  the  groand.f 

The  use  of  the  bow  was  a  part  of  the  education  of  a  boy.  Among 
the  many  hundreds  in  the  National  Maseum  a  great  number  are  marked 
"boy's  bow."  In  handhng  them  the  student  must  often  speculate  on 
the  deferred  breakfast  that  hung  on  the  action  of  these  miuiature  imple- 
ments. We  are  told  also  that  boya  were  frequently  called  out  to  shoot 
for  prizes.  That  was  the  predecessor  of  all  matmal  training  schools, 
wherein  skill  and  support  went  hand  in  hand  with  the  Indian  lad. 
Indeed,  their  games  atid  pastimes  were  spirited  imitations  of  the  suc- 
cesses  of  their  elders. 

The  author  is  not  able  to  obtain  reliable  information  as  to  whether 
the  American  tribes  shot  always  "overhand" — that  is,  over  the  how 
hand,  with  the  arrow  drawn  inside  the  bow.  Dr.  Shnfeldt,  in  his  prac- 
tical experiments  to  ascertain  the  mode  of  arrow  release  among  the 
Nav^oa,  incidentally  remarks  that  the  arrow  was  on  the  left  side  of 
the  bow  and  rested  on  the  top  of  the  hand.  Id  many  descriptions, 
however,  the  forefinger  is  described  as  Kurronnding  the  arrow  shaft. 

At  present  the  bow  and  the  arrow  have  well  nigh  disappeared  from 
the  face  of  the  earth  as  an  active  weapon.  Four  hundred  years  ago  it 
stood  in  the  foreQ-ont,  where  it  had  romaineii  during  thousands  of  years. 
It  might  be  properly  questioned  whether,  in  the  long  run,  the  arrow 
had  not  destroyed  more  hnman  lives  than  the  bullet.  In  Canada,  and 
sparingly  elsewhere,  bow  guns  or  rude  arbalests  are  found  in  the  hands 
of  Indians,  but  they  are  without  doubt  inirodnced.  The  arrow,  having 
reached  its  highest  elaboi'ation  aa  such  in  America,  was  superseded  by 
the  musket  of  the  Aryan  ra<:e. 

The  Iroquois  tribes  were  among  the  first  to  receive  firearms  from  the 
early  settlers.  On  this  account  they  soon  abandoned  the  bow  and  the 
arrow.  Colden  says  that  they  had  entirely  laid  them  aside  in  his  day 
(1727).  This  abandonment  of  the  bow  for  the  gnu  has  been  spoken  of 
as  showing  the  Iroquois  to  have  been  a  progressive  people.  Certain  it 
is  that  this  prompt  adoption  of  the  firettnn  put  this  confederacy  at  once 
at  the  head  of  the  eastern  Indians  and  m<-ule  tliem  a  terror  to  the  Algon- 
quiau  tribes. 

The  almost  entire  absence  of  noise  in  the  movement  of  the  arrow  and 
the  shooting  of  the  how  is  the  greatest  diflerentiation  from  the  giu), 
which  alarmed  the  whole  earth,  man  and  beast.     It  may  be  said  that 


■  C»pt.  J.  0.  Boiirke,  letter.  t  HuDBunl,  p.  2i 
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tbe  noise  of  tlie  guu  put  the  man  or  beast  to  be  killed  quite  as  much 
ont  of  the  rca<;li  of  that  weapon  as  the  little  alarm  created  by  the  archer 
had  moved  tbe  victim  away  from  bis  weapon. 

THE    ABBOW. 

■■  TbB  uncicnt  «rrow-matM 
Umle  Ills  ■rnw  beidB  of  lundsInD^ 
Armwheada  of  chakodoB} , 
Arrow  liRHila  at  aint  and  Juper. 
SmiHtth  nod  JtharpeQed  at  lh«  niLgH, 
Bant  anil  putiataed.  been  and  ontljr." 

The  continent  of  America  furnishes  excellent  facilities  for  tL«  stady 
of  tbe  arrow.  Every  variety  of  climate,  material,  and  laud  or  •rater 
game  are  here,  to  create  an  indefinite  diversity  of  structures. 

In  its  simplest  form,  tbe  arrow  is  a  straight  rod  pointetl  at  one  end, 
perhaps  in  the  fire,  and  notched  at  tbe  other  end  for  the  bow-string. 
But  such  a  missile  would  be  of  little  worth;  and  so  the  arrow  has 
undergone  many  modifications  in  answer  to  the  demands  of  the  hunter. 
The  parts  of  a  highly  developed  arrow  are  the  following: 

(1)  The  shatY;  of  which  it  is  necessary  to  study  the  material,  the 
technique,  tbe  form,  the  length,  the  grooves,  and  the  ornamentations. 

(2)  The  shaftment;  which  is  that  part  of  the  shaft  ui>on  which  the 
feather  is  fastened.  This  section  of  the  arrow  varies  in  length,  in  fonn, 
and  greatly  in  omameutation,  because  it  is  the  part  of  the  weapoii 
upon  which  bands  and  other  ornamental  marks  are  usually  placed. 

(3)  Tbe  feathering;  or  the  strips  of  feather  or  other  thin  material  laid 
on  at  the  butt  of  the  arrow  to  give  it  directness  of  flight.  The  study 
of  this  fieature  includes  the  method  of  seizing;  the  attaching  to  the 
shaftment;  the  position  of  the  feather,  whether  dator  perpendicular  to 
the  shaft;  tbe  manner  of  trimming  the  plume;  theline,  whether  straight 
or  spiral,  uiwii  which  eaeh  leather  is  laid,  and  the  glue  or  cement. 

(4)  The  nock ;  or  the  iiosterior  end  of  the  arrow,  seized  by  the  fingers 
in  releasing.  This  is  a  very  important  feature  in  the  study  of  this 
weapon.  For  instance,  the  Eskimo  arrows  have  flat  nocks,  while  all 
other  arrows  in  the  world  seem  to  be  more  or  less  cylindrical  or  spher- 
ical. In  some  the  form  is  top-shaped;  in  others,  bulbous;  in  others, 
cylindrical;  and  in  others,  spreading,  like  the  tail  of  a  lisb  or  swallow. 
In  modern  arrows  a  footing  is  added  to  the  nock. 

(5)  The  not(;h ;  or  cut  made  at  the  end  of  the  arrow  to  receive  the 
bowstring.  Ench  stock  of  aborigines  has  its  own  way  of  making  this 
cut  at  the  end  of  the  arrow;  and  this  characteristic,  born  of  the  mate- 
rial, though  seemingly  unimportant,  is  frequently  helpful  to  the  student 
in  deciding  upon  the  tribe  to  which  the  arrow  belongs. 

(6)  Tbe  foreshaft;  or  that  pie<^e  of  hard  wood  or  bone  or  ivory  or 
~>ttler  laid  into  the  anterior  portion  of  the  shaft  and  trimmed  to  a 

metrical  shape.    It  serves  the  double  purpose  of  making  the  froDt 
r;t,zc-ctv  Google 
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of  the  arrow  heavier  than  the  rear,  and  also  affords  a  better  means  of 
sttachiog  arrowheads  or  barpooQ  barbs  of  special  form. 

(7)  The  head;  or  that  anterior  part  of  an  arrow  which  makes  the 
wound  or  produces  the  result.  Before  contact,  with  the  white  race, 
aborigines  were  wont  to  make  their  arrow-heads  of  stone,  bone,  wood, 
shell,  and  even  of  (wild  hammered  metal.  The  study  of  the  arrowhead 
involves  the  point  or  blade,  the  faces  of  the  blade,  the  facett«s  and 
serrations  and  notches  of  the  expanding  blade,  the  butt  or  tang  for 
attachment,  the  barbs,  and  sometimes  the  barb  pie^e,  which  is  an  extra 
bit  of  bone  or  other  substance  fastened  to  the  posterior  end  of  the 
stone  hewl  to  multiply  the  number  of  barbs.    (Plate  LV,  tigs.  2,3.) 

Kowf  each  one  of  these  parts  may  be  varied  in  number,  in  form,  in 
material,  in  artistic  finish;  or  one  or  more  may  be  wanting.  It  will  he 
seen  therefore  at  once  what  an  excellent  instrument  the  arrow  may  be 
for  the  study  of  the  natural  history  of  invention,  bow  it  has  been 
influenced  by  climate  and  by  material  resources,  how  it  luu*  been  modi- 
fied for  definite  fnnctions,  and  has  developed  complexity  with  age. 

It  will  reatlily  be  seen  from  an  examination  of  the  foregoing  analysis 
that  the  creation  of  an  arrow  involves  a  great  many  of  our  modera 
crafts.  In  every  locality  the  arrow-maker  has  shown,  first  of  all,  a 
wonderful  iicquiiintancc  with  the  niateriuls  at  hand,  as  though  he  had 
searched  all  the  resources  of  the  mineral,  vegetable,  and  animal  world, 
and  after  study  ingall  there  was,  had  selected  the  best.  We  are  not  able 
now  to  discover  that  the  savage  could  have  found  any  better  material 
within  his  own  environment.  For  the  selection  and  creation  of  the  shaft 
there  was  demanded  a  knowledge  of  the  best  kind  of  woods,  and  the 
invention  of  knives,  straightening  apparatus,  "sandpaper,"  dyeing 
apparatus,  and  gine  or  cement  of  some  kind.  In  fastening  the  various 
parts  of  the  arrow  together  sinew  was  employed.  The  savage  stripped 
from  the  leg  or  the  neck  of  one  of  the  larger  mammals  a  mass  of  sinew 
which  he  allowed  to  dry.  It  was  then  carefully  pounded  and  shredded. 
When  he  was  ready  to  use  this  material  he  placed  several  of  the  strips  or 
fillets  in  his  mouth  until  they  became  thoroughly  soaked  with  saliva. 
Then,  holding  with  his  left;  hand  the  parts  to  be  attached  and  one  end  of 
the  sinew  fillet,  he  held  the  other  part  of  the  sinew  in  his  right  hand  and 
revolved  the  arrow  shaft  with  the  lelt,  holding  the  parts  still  together 
antil  one  or  two  turns  were  made.  He  coulil  then  nse  the  fingers  of 
his  left  hand  in  smoothing  down  the  sinew  and  directing  its  course, 
while  with  the  right  he  held  the  unwound  portions  tight  and  directed 
the  sinew  to  its  position.  When  the  wrapping  or  seizing  was  nearly 
finished  the  loose  end  was  carefully  drawn  under  the  last  turn  or  two, 
pulled  tight,  and  cut  off,  so  that  neither  end  was  visible.  The  whole 
was  carefully  rubbed  down  and  allowed  to  dry.  The  sinew  in  drying 
shrunk  very  much  and  bound  the  parts  firmly  together.    (Tlate  i,  rtg.O.) 

The  feathers  of  the  ariow  are  usually  taken  fh>ni  the  wing  or  tail 
feathers  of  rapacious  birds,  though  others  are  sometimes  used.     The 
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featber  ia  carefhlly  split  from  one  eud  to  the  other,  and  the  pith  and 
UDDecesRary  parts  of  tlie  qiiiil  carefully  removed,  so  as  to  leave  the 
plame  and  only  a  strip  of  the  midrib.  In  laying  the  feather  upon  the 
arrow-shaft  differences  of  manipuhitiou  existed  among  the  different 
tribes.  In  some  of  them  the  midrib  was  laid  close  to  the  shaflment 
and  glued  tight,  while  the  ends  were  seized  with  sinew,  and  the  plume 
was  shorn  either  very  close  to  the  shaftment  in  a  paritllel  line  or  into 
some  other  artistic  form.  Kot  only  the  knowledge  of  birds  was  necessary 
in  the  choice  and  the  arrangement  of  the  feather,  but  there  was  a  great 
deal  of  mythology  connected  with  the  proper  bird  whose  feathers  should 
be  placed  upon  the  arrow  and  the  position  and  seizings  connected  with 
the  feathering.     (Plates  xl-lx.) 

The  manufacture  of  the  head  of  the  arrow  and  its  various  parts 
involves  knowledge  of  bone,  ivory,  or  liorn,  and  also  familiar  acquaint- 
ance with  stone  and  stone-working.  Arrowheads  differ  from  one 
another  in  material,  in  size,  in  form,  and  in  methods  of  attachment. 
The  savage  arrow-maker  was  a  mineralogist.  He  not  only  knew  the 
qualities  of  rocks  but  also  their  best  methods  of  working,  as  well  as  the 
best  conditions  in  which  they  existed  for  his  purposes  in  nature.  In 
each  country  the  material  employed  is  in  every  case  the  best  from  that 
region.  In  a  large  collection  from  the  United  States  arrow-heads  have 
been  made  of  every  variety  of  quartz,  chalcedony,  agate,  jasper,  bom- 
stone,  cbcrt,  novaculiic,  slate,  argillite,  and  obsidian.  In  rare  cases  even 
quartz  crystal,  carnelian,  amethyst,  and  opal  were  nsed.  In  working 
these  materials  the  savage  inventor  soon  fonnd  that  the  physical 
properties  and  availability  of  the  material  changed  by  natural  sur- 
roundings. He  knew  by  experimentation  that  a  stone  lying  in  a  brook 
yielded  him  better  results  than  one  ex|>ose4l  to  the  sun  and  the  weather 
on  the  open  fields,  and  that  a  bowlder  buried  in  the  damp  earth  where 
it  has  lain  for  many  centuries  gave  him  sitfer  resnlts  with  less  work 
than  the  brook  pebble,  so  that  he  not  only  became  a  critical  expert  in 
the  qualities  of  materials,  but  also  was  led  to  tteoome  a  qnarrj'man 
in  order  to  exploit  the  proi>er  materials,  it  has  been  very  well  shown 
by  Professor  Holmes  that  many  spots  supposed  to  have  been  the 
refuse  he»i>s  of  Indian  camps  for  ninny  years,  are  only  the  sites  of 
of  ancient  stone  quarries,  and  tbe  pieces  found  buried  in  these  heaps 
are  the  refuse  of  their  manufacture.  In  pittces  the  necessary  roek 
could  not  be  found  in  bowlders  either  on  the  surface  or  in  the  streams 
or  in  the  gravel  beds,  but  the  materials  were  jiart  of  ancient  ledges 
under  gr<  er  places.     It  was  neces- 

sary then  out  great  pits,  fud  by 

means  of  f  ithin  the  capabilities  of 

this  Indif  asses  of  material  which 

could  be  -head.<  and  other  imple- 

ments.   J  urecl  his  stock  he  began 

to  work  i  ^ith  a  stoue  hammeTf  by 
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means  of  wliich  lie  kiiucketl  off  flakes  or  spalls  of  the  projier  size  and 
shape.  Sotnetimett  be  would  introduce  between  bis  stone  bammer  and 
tlie  block  of  material  ii  "  pitching  tool"  of  antler  or  bard  bone.  As 
Booii  as  the  flake  of  proiier  ilimeiimoiis  was  removed,  the  nest  thing  with 
the  artist  was  to  bring  this  into  proper  Ibrm  by  means  of  the  flaking 
tool  or  flaker.  The  method  of  dressing  the  chi|)  of  flint  into  shajie 
varied  ftom  tribe  to  tribe;  in  some  the  pressure  was  downward;  in 
others  it  was  upward;  and  the  method  of  holding  the  band  and  doing 
the  work  will  be  <le8cribed  nnder  the  head  of  "  arrow-makers'  tools." 
Arrow-beads  are  frequently  confounded  with  spearheads  and  knife  or 
dagger-blades.  The  smallest  objects  of  this  class  are  usually  arrow- 
heads,  and  the  size  alone  would  decide  in  many  cases,  because,  after 
reaching  a  certain  weight,  the  blade  would  defeat  its  own  purpose 
by  being  any  larger.  Bnt  there  is  no  difference  in  shai>e  between 
the  arrow-head  and  the  other  objects  mentioned!  A  great  deal  of 
attention  has  been  paid  to  the  forms  of  arrow-beads,  but  they  may  be 
reduce<I  to  a  few  simple  classes,  such  as  the  leaf-Hha[>ed,  either  com- 
plete or  truncated;  the  triangular,  and  the  stemmed.  Sub  divisions  of 
these  classes  have  been  formed  by  archeologists,  but  mnny  of  these 
are  such  as  have  resulted  from  the  limitations  of  the  muterial  in  the 
band  of  the  artist.  He  has  simply  made  that  particular  form  because 
tbe  material  would  yield  to  that  and  no  other.  Prof.  Thomas  Wilson, 
in  classityiug  the  arrows  in  the  National  Museum,  mentions  those,  first, 
with  beveled  edges,  the  bevel  being  in  one  direction;  second,  with  ser- 
rated edges;  third,  with  bifurcated  stems;  fourth,  with  long  barbs  at 
the  ends;  fifth,  triangular  in  section;  sixth,  broadest  at  tbe  cutting 
end;  and,  seventh,  all  polished  arrows. 

As  will  be  seen  in  the  general  and  s{>ecial  descriptions  of  arrows, 
other  substances  beijides  stone  were  used  for  tbe  heads.  In  the  north 
and  among  tbe  Esquiinauan  stock,  frequently  bone,  ivory,  antler,  horn, 
and  wood  aie  found  taking  the  place  of  stone.  In  each  case  that 
material  was  selected  which  would  bring  about  the  best  results.  For 
instance,  what  is  called  the  "rankling"  arrow,  for  the  destruction  of 
the  reindeer,  has  its  head  made  from  tbe  leg  bones  of  the  deer,  tbe 
barbs  npou  tbe  side  are  very  sharp,  and  the  <lowcl,  for  the  insertion 
into  tlie  shaft  of  the  arrow,  very  small,  so  that  when  the  animal  is 
struck  the  head  would  easily  come  out  of  the  shaft  and  at  every  move- 
ment of  the  victim  be  (Carried  further  in  toward  its  vital  parts.  Com- 
ing southward  along  the  Pacific  Slope,  slate  replaces  chipped  stone, 
and  for  barbed  arrows  native  copper,  bone,  and  wood  are  used.  A 
few  arrows  from  this  region  have  also  heads  of  shell.  Along  the 
Bocky  Mountain  Hloi>e8,  in  the  laud  of  tbe  buffalo,  before  the  days  of 
iron  heads,  bone  was  used  quite  as  often  iis  stone  in  the  fabrication  of 
arrow-heads.  Very  few  specimens  are  preserved  in  cur  maseums  of 
arrows  from  the  tribes  of  tbe  Eastern  States,  but  historians  convince  us 
they  were  not  diflerent  from  their  Western  relatives  in  the  material  and 
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form  of  their  arrow-lietuK  Of  the  aix-ieut  inhabitants  of  this  conti- 
nent the  perishable  material  of  arrows  constituting  the  shaft  and  othet 
parts  liaa  rotted  and  lelt  us  naught  but  the  stone  hea<l8.  Even  those  of 
bone  and  wood  and  other  material  have  passed  away,  so  as  to  leave  Che 
impression  tbat'tbe  Indians  of  this  eastern  region  used  only  stone;  but 
all  authorities  agree  that  other  substances  were  employed  quite  aa 
frecjuently  as  the  last  named. 

There  are  as  many  ways  of  classifying  an-ows  as  there  are  parts  of 
the  arrow,  and  more,  some  important  parts  furnishing  several  classiQc 
concepts.  These  will  be  set  down  as  they  oticur  without  regard  to  order, 
each  time  seeking  to  exhaust  the  arrow. 

Uu barbed— Pes iipicd  to  be  witbdrawn  Cioia  the  wouod. 

i  Retrieving      !  '■'"hinR. 
Ketneving..  {minting. 
Rankling...  I  ^"^"^"''K- 
Entangling. 
The  concept  here  is  especially  the  existence  and  ftinvtioQ  of  the 
barb,  rather  than  number  and  structure  of  parts. 

simple,  eut.ir«,  inonuxylic. 

|<"  •""■»"• !fw.b.n„dp„u.t 

i  Shaft. 

al.nO-         J  ^^  three  parte ;  I.ri]iiM-abafl. 

'"'^'^-  ■■■]  (  Fore-Bhaft and  iwiiit. 

(  Sbnlt. 

j  Al»o <  Fore-sbsft  and  point. 

I  (  Nock-piecH  footing. 

As  to  the  feathering,  arrows  are  (1)  without  tfeather;  (It)  two  feathered; 
(3)  three  or  more  feathered ;  and,  as  to  the  attachments,  (1)  glued  to 
the  shaft;  (2)  fastened  only  at  the  ends;  (3)  with  the  quill  inserted  at 
its  ends  into  the  arrow  shaft.  The  nock  of  American  arrows  are  (1) 
flat  as  in  the  hyt>erborean  zone;  (2)  bultmns  or  spread,  as  in  Canada 
and  North  United  States;  (3)  cylindrical,  as  in  California  and  the 
sonthern  tier  of  States.    (Platesxi^LX.) 

There  are  innumerable  references  to  ambient  arrow-makers  among 
the  North  American  Indians,  but  the  probability  is  that  the  life  history 
of  the  bowyer  is  repeated  in  that  of  the  superannuated  fietclier.  First 
comes  the  hoy  slmggling  through  his  primitive  institute  of  technology, 
then  the  warrior  or  bnnter,  skillful  in  making  an  arrow  and  in  wearing 
it  out.  Last  of  all  he  takes  the  wings  of  Hermes  from  his  feet  and 
spends  his  closing  years  in  making  arrows  for  his  sons. 

There  was,  according  to  Chippewa  tra<lition,  a  particular  class  of 
men  among  onr  Northern  tribes,  before  the  introduction  of  firearms, 
called  makers  of  arrowheads.  The  same  is  relatetl  by  other  Algon- 
kiaus.*  liotigfellow's  ancient  arrow-maker  will  occur  to  every  reader  at 
once. 

The  operations  of  constrncting  one  of  the  more  elaborate  American 

I,  p.  81. 


I,  III,  p.  81,  /^  '  I 

L        r  ■izcc^/CjOogle 
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arrows  led  a  man  into  mai)y  trades — quarryman,  stone-vutter,  mineralo- 
gist, si  new -dresser,  and  woodworker.  In  the  far  North  lie  must  be 
also  worker  in  boue,  ivory,  and  liorn.  Aa  a  rule,  in  all  savagery,  both 
with  men  and  women,  the  user  of  an  implement  must  be  its  manufac- 
turer. Yet,  the  difl'erentiation  of  trades  is  a  necessary  step  in  the 
progress  of  culture,  and  our  ludians  bad  taken  it  more  than  once. 

The  North  American  savages  were  excellent  <|uarrymeu.  In  every 
region  they  knew  the  very  best  kinds  of  siliceous  stones,  the  very  beat 
pliices  to  find  these  stones,  the  oatunvl  conditions  under  which  they 
were  kept  in  the  most  fracturable  state,  the  best  way  to  break,  flake, 
and  chip  each  stone  into  the  desired  sha]>e.*  The  Indian  was  also  a 
good  lapidary,  as  numerous  sites  examined  by  Holmes  wdl  attest. 

Arrow-beads  are  found  in  immense  numbers  about  the  fields  and  along 
the  banks  of  rivers  in  the  Duited  States.  It  would  not  be  an  error  to 
say  that  tbey  are  numbered  by  millions.  They  occur  in  great  abundance 
iipon  the  sites  of  ancient  camps,  near  shell-heaps,  fishing  grounds,  and 
about  the  fields  where  used  to  wander  the  deer  and  other  game  sought 
by  the  Aborigines.  This  is  evidence  that  the  making  of  an  an-ow-head 
was  an  easy  matter,  while  the  shaft  required  much  time  and  patience 
to  finish. 

It  has  been  said  that  by  means  of  the  stone,  the  sbaiie  and  artistic 
ekill  with  which  it  is  wrought,  the  edges,  the  tang,  and  the  conse- 
quent attachment  to  the  shaft,  arrows  differ  from  tribe  to  tribe  and 
individual  makers  show  certaiwidioMyncrasies  in  the  same  tribe.  Chert, 
slate  and  ivory  in  Eskimo  land,  wood  and  bone  niong  the  volcanic 
portions  of  the  Pacific  Slope,  in  British  Columbia  and  Alaska;  the 
most  beautiful  heads  in  the  world  of  obsidian  and  jasper  series  in 
Oregon  and  Californiih  coarser  stone  in  the  East  at  onc«  proclaim 
what  kind  of  arrows  this  or  that  tribe  used. 

According  to  Holmes  the  stages  in  making  an  arrowhead  are  fractur- 
ing, chipping,  fiaking.  Fracturing  is  done  at  the  quarry  or  wherever  the 
original  stone  is  picked  up.  The  simplest  fashion  is  breaking  one  stone 
with  another;  but  stone  from  a  (juarry  works  better  than  surface  bowl- 
ders. When  the  workable  stone  was  in  masses  the  1  ndiaii  had  more  con- 
venient tools,  stoiic  hammers  or  sletlges,picksof  wood  or  aiitler,itnd  even 
fire  if  he  ha<l  need  of  it.  The  first  operation  is  to  break  up  the  original 
bowlders  or  musses  so  as  to  get  out  of  its  interior  spalls  capable  of 
being  wrought  into  blades.  Kuch  kind  of  stone  had  it^  own  best  way 
of  treatment,  whether  quartz,  quartzite,  rhyolite,  chert,  agate,  jasper, 
chalcedony,  obsidian,  or  what  not.  There  did  not  exist  in  the  United 
States  so  pliable  a  form  of  fiiiit  as  that  occurring  in  gi'cat  abundance 
in  western  Eun>iR-.    Obsidian  and  jasper  gave  the  best  results. 

Chipping  was  also  done  with  a  hammer,  but,  this  time,  a  pebble  of 
hard  stone,  oblong,  convenient  for  the  thumb  and  two  fingers,  and 

*See\V.  H.  Ftolmos,  Jm.  AnthropolusM,  vols,  v.,  vi. ;  J.  C.  McGnire,  id.,  vol.  v.;  U. 
C.  Mercer,  Pop.  Sc.  MoniK.  (  ~/-ii-inl(~ 
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somewhat  bluntly  ]>ointeil.  Tbe  writer  has  often  »een  arrow-makers 
hold  a  spall  of  Rtone  iu  tbe  left  hand  between  the  thumb  aud  closed 
fore  finger,  and  by  means  of  a  dainty  hammer  stoae  knock  off  flakes 
with  the  greatest  rapidity,  barely  touching  tbe  edge  of  the  spall  at 
each  blow.  Arrowheads  for  common  use  may  be  flnished  by  thia 
means.    (Plate  i.) 

The  flaking  of  blades  was  done  with  a  flaker.  Tbe  simplest  form  of 
the  flaker  is  a  piece  of  bone  from  tbe  leg  of  a  deer,  pointed  at  one  end. 
The  essential  characteristics  of  the  working  end  of  this  tool  are  that  it 
be  stAUt  enough  to  stand  any  amount  of  pressure  that  a  man  can  give, 
and  that  it  be  of  such  a  testnre  that  it  will  "  take  hold  "  of  the  stone. 
The  outer  side  of  antler,  hard  bones  from  the  legs  of  ruminants,  and 
even  sott  iron  are  excellent,  but  ivory  or  steel  are  not  good  materials  fur 
dakers.     (Plate  I.) 

Tbe  Eskimo*  make  tbe  best  flakers,  working  the  point  from  antler  of 
the  caribou  and  the  handle  from  ivory,  carving  the  latter  to  fit  the  hand 
and  to  give  to  the  workman  tbe  best  "  purchase."  The  point  is  set  in 
the  end  of  tbe  handle  and  firmly  lashed  in  place  by  means  of  rawhide. 

All  tribes  do  not  use  tbe  flaker  similarly.  If  the  reader  will  take  a 
tooth-brush  handle  in  his  right  band  and  a  chip  of  siliceous  stone  in  the 
other,  he  may  try  tbe  following  methods : 

(1)  Lay  the  spall  or  chip  on  a  table  or  bit  of  wood,  holding  it  firmly 
in  place  with  tbe  left  thuDib  and  forefinger.  Grasp  the  tooth-brush 
firmly  in  the  right  hand,  with  the  thumb  on  tbe  top.  The  handle  will 
work  better  if  it  be  sharpened  like  a  busking  peg.  Press  down  tbe  point 
near  the  edge  of  the  spall  firmly,  and  remove  chips  along  tbe  nuder  side. 

{2)  Lay  Che  chip  on  the  palm  of  tbe  left  hand  gloved,  or  upon  a  bit 
of  rawhide,  holding  it  iu  place  with  the  fingers,  but  not  the  thumb. 
Press  off  flakes  along  the  edge  of  tbe  chip. 

(3)  Qrasp  the  chip  between  tbe  thumb  and  forefinger,  so  that  its 
outer  edge  will  lie  along  tbe  ball  of  the  thumb.  Hold  firmly  with 
fingers  and  press  off  flakes  toward  tbe  thumb. 

In  all  cases  the  operator  needs  confidence  and  knack.  Wonderful 
results  are  achieved  by  good  workmen  in  such  brittle  material  as  bottle 
glass,  obsidian,  and  the  jaspers. 

There  are  in  Washington  several  men  connected  with  the  Bureau  of 
Ethnology  who  are  capable  of  producing  tbe  most  beautiful  arrow- 
heads from  bits  of  obsidian  or  glass. 

Within  tbe  past  year  or  two  a  new  light  has  been  thrown  npon  tbe 
whole  operation  of  arrow -head- making.  Extensive  ancient  quarries 
have  been  opened  in  Washington  City,  Ohio,  Pennsylvania,  Minne- 
sota, Arkansas,  and  the  processes  revealed.  There  were  several  steps 
followed  certainly  by  the  eastern  fleteher.f 

(1)  The  digging  of  moist  stone  Irom  the  quarry. 


-  Hnrdocb,  IX,  Jn.  Ktp.  Bur.  Elhtiot.,  pp.  286,389. 
tSM  BotiDM,  Jut.  jHUropoIo^itl,  vols.  V  uid  VI, 
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(2)  The  making  of  blanks  on  the  spot. 

(3)  The  finishing  by  the  procesRes  oamed. 

The  arroir-maker  among  the  Virginia  Indians,  for  making  his 
shafts,  used  a  knife  with  a  blade  of  beaver  tooth  set  in  a  wooden  han- 
dle. This  served  him  for  saw,  knife,  and  chisel.  John  Smith  tells  us 
that  he  made  the  uot«h  in  his  arrow-shaft  by  grating  with  tliis  knife. 
For  chipping  his  arrow-heads  of  stone  he  used  '*a  little  bono,  which 
he  ever  weareth  at  his  bracer,  or  any  splint  of  a  stone  or  glasse  in  the 
forme  of  a  hart."  The  arrow-head  was  fastened  to  the  shaft  with  deer 
sinew,  held  Arm  by  means  of  a  glue  made  of  the  tops  of  deer  horns 
boiled  to  a  jelly.  This  method  is  not  unlike  that  of  the  Apache,  Utee, 
and  other  tribes  of  the  great  interior  basin.* 

This  is  a  charming  connecting  link  between  the  prehistoric  and  the 
historic  The  knife  with  a  blade  of  beaver  tootU  may  at  this  very  day 
be  seen  in  the  hands  of  the  Eskimos  about  the  Yukon  mouth.  One 
coald  say  that  a  grip  or  handle  of  wood  or  antler  had  a  groove  sunk 
into  one  end,  the  root  of  the  tooth  wan  laid  in  this,  and  the  two  lashed 
with  wet  rawhide.  At  present  the  Eskimos  use  their  beaver-tooth  knife 
to  put  a  fine  edge  on  their  blades  of  steel.  The  front  enamel  of  the 
tooth  issomach  harder  than  the  rear  that  it  makes  a  perfect  chisel,  and 
would  act  well  for  knife  or  saw.  "  The  little  bone  that  be  weareth  at  bis 
bracer"  for  flaking  his  arrow-hea^ls  one  might  see  any  day  in  the  hands 
of  a  Ute  warrior  a  few  years  ago,  and  Maj.  Powell  collected  and  depos- 
ited several  in  the  National  Museum.  This  is  simply  a  little  bit  of  the 
fibula  of  the  deer.  On  the  west  coast  and  in  Eskimo-land  this  tool  has 
Its  grip  and  its  working  part  distinct.  Finally,  in  the  administration  of 
the  sinew  for  seizing,  and  the  glue  for  binding  all  tight,  one  had  only 
to  watch  the  Apache  Inilian  described  in  this  text. 

The  arrows  (qaqdjung)  of  the  central  Eskimos  are  made  of  round 
pieces  of  wood,  generally  tapering  a  little  toward  the  lower  end,  to 
which  two  feiithers  of  an  owl  or  some  other  bird  are  attached.  The 
bone  heads  of  these  arrows  are  Joined  t<i  the  shaft,  as  represented  in 
Boas's  fig. 443,  p.'tiH.  The  difference  in  the  methods  used  by  the  Mac- 
kenzie and  the  central  tribes  in  fastening  the  point  to  the  shaft  is  very 
striking.  The  arrow  tang  of  the  former  and  of  the  western  tribes  is 
pointed  and  inserted  in  the  shafb  (Boas's  flg.  444,  p.  HO'i),  while  that  of 
the  latter  is  always  beveled  and  liished  to  it  (Boas'.'i  figs.  4412  and  443, 
p.  604).  The  direction  of  the  bevel  is  either  parallel  or  vertical  to  the 
edge  {id.  fig.  445,  p.  505).  Other  forms  of  arrows  are  shown  in  id,  fig. 
446,  p.  506.  A  similar  difi'erence  between  the  fastenings  of  the  foreshaft 
to  the  spear  handle  exists  in  the  two  localities.  We.stern  tribes  give  its 
base  the  form  of  a  wedge  {id,  fig.  447,  p,  606),  which  is  inserted  in  the 
shaft,  while  the  central  Kskimos  use  a  mortise,    (Plates  Lit-LX.) 

Formerly  slate  heads  were  in  general  use  (id.  flg.  448,  p.  506);  now  the 
b^ads  are  almost  everywhere  made  of  iron  or  tin,  riveted  or  tied  to  the 

' Eng.  Soholar't  Library.    Capl.  J.  Smith's  works,  No.  16,  p.  ^iO^^qIc 
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point  {id.  fig.  44G,  p.  500).  In  aucient  graves  flint  beads  are  frequently 
found,  some  of  whicti  are  represented  in  id.  fig.  449,  p.  507.  On  Soutli- 
aniptoii  Island  stone  Tieads  are  in  use  even  at  the  present  time.  Fig. 
423,  \t.  491,  probably  sbows  liow  they  were  attached  to  tbo  shank.* 

The  Panauiint  arrows  are  made  irom  tlie  stems  uf  tile  reed  {Pkroffmi- 
tea  vulgariM)  and  from  willow  shoots.  The  shafts  are  about  3J  feet 
long,  f^early  mature,  but  still  green,  reeds  are  cut,  their  leaves  removed, 
and  the  steins  dried  and  straightened  in  the  bauds  before  a  fire.  I'se 
is  also  made  of  a  small  stoue,  across  the  face  of  which  have  been  cnt 
two  grooves  large  enough  to  admit  an  arrow  shaft.  Thi»  stone  is 
heated,  and  a  portion  of  the  crude  arrow  is  laid  in  one  of  the  grooves 
until  it  is  hot.  The  cane  is  then  straightened  by  holding  it  crosswise 
in  the  teeth  and  drawing  the  end  downward.  By  repeating  this  pro- 
cess throughout  the  whole  length  of  the  shaft  a  marvelonsly  straight 
arrow  is  produced.  The  head  of  the  arrow  is  a  pin  of  very  hard  wood 
taken  from  some  species  of  greasewood  ( StHplex).  It  is  at>out  5  inches 
long,  and  ta])ers  eveidy  to  a  blunt  iwint.  The  base  of  the  head  is 
inserted  about  three-fourths  of  an  inch  into  the  hollow  of  the  reed, 
and  rests  against  the  uppermost  joint.  It  is  bound  in  place  by  a  thiu 
band  of  sinew.  Al  each  joint  of  the  arrow  shaft  is  burned  a  ring  of 
diagonal  lines.  The  base  of  the  shaft  is  notched  to  receive  the  bow- 
string, and  feathered  with  three  half  feathers,  bound  on  with  sinews 
and  twisted  so  as  to  give  to  the  arrow  a  rotary  motion.t    {PI.  XLi,  fig.  1.) 

"The  Spokane  Indians  laid  apiece  of  buckskin  on  thehand,  and  from 
a  flint  pressed  off  flakes  with  a  piece  of  deer's  horn."  These  Indians 
belongto  tbeSalishan  family, and  itis  easy  by  means  of  the  old  material 
in  the  Museum  to  rehabilitate  this  ancient  arrowmaker  of  Washington 
State.  His  process  of  flaking  is  that  marked  4  in  I*late  I.  The  material 
on  which  he  worked  was  incomparable,  and  his  handiwork  now  forms 
the  treasures  of  tlie  Museum. 

"Atthcbaseof  Mount  Uncle  Sam"  says  Dulog,"  on  the  west  of  Clear 
Lake,  California,  there  is  a  tract  2  or  3  miles  in  extent  covered  with 
fragments  of  obsidian. 

"With  material  so  plentiful,  the  surrounding  Indians  are  carefnl  to 
choose  only  those  pieces  best  shaped  by  nature  for  their  purpose;  but 
at  places  distant  from  the  source  of  supply,  the  obsidian,  which  is  often 
bronght-iu  large  blocks,  is  chipped  ofl'  in  flakes  from  around  a  ceutral 
core  by  blows  of  a  rock. 

"  The  old  expert  put  on  his  left  hand  a  piece  of  buckskin,  with  a  hole 
cut  in  it  to  let  the  thumb  pass  tlirongh,  someihing  like  the  '  palm' 
used  by  satlinakers.  This  was  of  course  to  protect  his  band  while  at 
work.  In  Lis  right  hand  he  took  a  tool  of  bone  gronnd  down  to  a 
blunt  point.  These  tools,  made  often  from  the  leg  bone  of  a  deer,  are 
assorted  in  sizes,  large  ones  being  used  for  coarse  work  and  small  ones 
lor  fine  work. 

"A  piece  of  obsidian  of  the  right  size  was  held  in  the  left  hand,  theu 
the  right  thumb  was  pressed  on  the  top  of  the  stone,  while  the  point  of 


•  Fnuu  Bom.     T*«  Central  Eikimo,  vi  JJep.  But.  mhnol,  pp.  6 
tCoville,  Jnt.  Jnthrop.,  1893,  toI.  v,  p.  360.  itKlolc 
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the  bone  was  stroiiftly  pressed  against  the  under  edge  of  the  proposed 
arrowhead,  aud  a  little  splinter  of  obsidian  worked  oif.  Tiie  operation 
waa  similar  to  the  opening  of  a  can  with  one  of  the  old-fashioned  can 
ojieiiers  that  work  without  leverage.  Oftentimes  material  is  spoiled  in 
the  sliar])ening.  Aroaud  desert«1  camps  piles  of  rejected  iragnients 
are  sometimes  fnaud,  either  broken  in  pntting  on  the  edge  or  not  being 
near  enough  the  desired  8hHi>e  to  pay  lor  working  up. 

"A  good  deal  of  the  sharpener's  work,  too,  oousisted  in  freshening  up 
the  edges  of  points  blunted  by  use. 

"One  arrow-head,  weather-worn  by  exposure,  was  shown  nie,  with  a 
border  of  fresh  fractiu'es  extending  from  one-eighth  to  one-fourth  of  an 
ineh  in  from  the  edge,  where  the  sharpener's  tool  had  been. 

"There  results  f^m  this  process  a  serrated  edge,  which  in  the  beat 
S])ecimen8  is  beautifully  flue  and  regular,  but  in  rongher  tools  is  often 
coarse.    The  old  workman  was  careful  of  his  stock  in  trade,  and  rolled  . 
up  the  irnit  of  his  industry  in  a  piece  of  ragged  blanket  to  prevent  its 
being  injured  while  in  transit  from  place  to  place."* 

In  this  charming  bit  of  description  the  old  man  played  the  following 
rfiles: 

(1)  Discriminating  the  beHt  pieces  of  stone  to  work,  minemlogist. 

(2)  Obsidian  knitpi>er,  stone-breaker. 

(3)  Flaker,  with  deer-horn  tool  working  on  the  palm. 

(4)  As  retouching  injured  blades,  repairer  of  arrow-heads. 

(5)  Preserver  of  forms,  a  kind  of  wild  Vishnu,  laying  up  against 
future  work  all  his  stock  in  trade. 

There  seems  to  be  little  modern  testimony  to  the  assertion  that  the 
savage  had  learned  to  bevel  the  sides  of  his  arrow  heads  alternately,  for 
the  purpose  of  making  his  arrow  revolve  in  the  air.  Mr.  Onshing  has 
shown  that  this  alternate  beveling  of  the  edges  was  a  ULitural  result  of 
holding  the  piece  of  stone  in  a  certain  way  along  the  thumb  during  the 
operation  of  chipping. 

Lieut.  Kay  was  the  first  to  actually  send  to  the  National  Museum  a 
bit  of  antler,  6  inches  long  and  about  three  quarters  of  an  inch  in 
diameter,  to  be  used  like  a  stonecutter's  punch  or  pitching  tool  or  a 
smith's  punch  in  knocking  otf  chips  in  the  process  of  arrow-making. t 
But  there  are  constiint  references  to  this  intermediary  tool.  The  writer, 
who  has  experimente<l  in  most  aborginal  stone-working  methods,  has 
not  attempted  to  use  this  apparatus  in  order  to  know  its  limits. 

The  substitution  of  hoop  iron  and  other  metal  and  glass  for  arrow- 
heads was  oneof  the  first  lessons  of  acculturation  learned  by  the  Ameri- 
can tribes.  Nit  enstoni  or  fashion  was  violated  by  this;  the  shaft  and 
feather,  that  is,  the  manual  part  of  the  arrow,  and  all  social  and  mythic 
portions  remained  unchanged. |  This  is  the  nnivci'sal  law  of  transfer 
from  lower  to  higher  gradea  It  is  for  the  reason  that  woman's  arts 
merely  take  better  tools  to  do  the  very  same  work  that  savage  women 
aie  easier  to  elevate  than  men. 


*  H.  G.  Ttnlog,  in  FomI  and  Stream. 

I  See  SnUk»o»iaH  Jtrporl,  18K6. 

1  Cf.  Timberlftke,  quoted  by  Jouea,  So.  Indiuw,  251;  Lawaon,  2e2,(^)()o[^ 
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For  straigtateniDR  tbe  shafts  of  arrows,  and  even  the  boneor  ivory  used 
for  points,  the  aborigineH  employed  a  kind  of  wreoch.  In  the  sontb  it 
was  merely  a  coDvenieiit  bit  of  wood,  spindle-shaped,  having  a  bole 
through  the  middle.  The  TTtes  used  the  end  of  the  horn  of  the  monn- 
tain  sheep,  perforated  with  holes  of  difTerent  sizes.  The  Plains  Indians 
utilized  tlie  bard  bones  of  the  buffalo.  Tbe  West  Coast  tribes  made 
use  of  blocks  of  elk  honi,  and  the  Eskimo  carved  out  of  walms  ivory 
excellent  tools  for  this  purpose.*    (Plate  xxxix.) 

For  grinding  down  and  polishing  arrow  shafts  tlie  Indian  had  a 
special  set  of  tools.  There  are  in  the  U.  S.  National  Museum  from  sev- 
eral localities  small  slabs  of  sandstone  with  a  shallow  groove  runniDg 
longitudinally  in  which  the  arrow  shaft  was  laid  and  drawn  back  and 
forward.  The  leaves  of  grass  containing  siliceous  matter  served  for  tbe 
smoothing  process.  Finally,  a  smooth  stone  or  bit  of  bone  served  to  mb 
down  the  shaft  and  put  on  the  finishing  touches.  Tbe  term  "shaft 
grooves"  is  preferable  for  those  straight  orserpentineor  zigzag  lUrrows 
cut  on  an  arrow  shaft  between  tbe  shaftment  and  the  head  or  the  tbre- 
shatl.  Theyhavebeen  alleged  to  be  sj'mbolical of  thelightning  to  invoke 
the  spirit  of  destraction  to  dwell  in  the  arrow.  Others  denominate  them 
"blood-streaks,"  supposing  they  promote  bleeding  from  a  wound,  so 
that  the  hunter  could  follow  up  his  game  by  the  trail  of  blood.  The 
reed  shafts  never  bear  such  streaks;  the  Eskimo  do  not  make  them, 
neither  do  the  Korthwest  Coast  Indians.  Athapascan,  Sboshonean, 
Siouan,  Kaiowan  tribes  are  especially  given  to  this  practice.  The  fur- 
rows do  not  always  follow  the  same  plan,  and  it  would  have  been  easy 
some  years  ago  to  work  out  series  of  patterns  for  these  marks  and 
determine  their  relation  to  tnt>e8.  They  are  in  general :  (1)  straight  and 
parallel;  (2)  wavy  and  sinuous;  (3)  zigzag,  without  design.  (PI.  xx.i, 
fig.  3.) 

The  same  tribe  used  arrows  of  about  one  length  and  weight,  as  cor- 
rect shooting,  like  good  penmanship,  is  a  balancing  of  a  hundred  sensi- 
bilities. Every  gooil  archer  drew  bis  bow  to  tbe  arrow-bead  every  shot, 
for  near  or  for  far.  If  one's  bow  be  drawu  always  to  arrow-head,  and 
one's  arrows  be  ulwaysof  tbe  same  length,  whether  from  his  own  quiver 
or  from  auotber's,  the  elements  of  variability  are  much  reduced.  It 
must  be  from  some  such  cause  that  the  arrows  of  each  tribe  agree  so 
nearly  in  length.  Indeed,  since  neighboring  tribes  shoot  one  another's 
arrows,  there  is  undoubted  inter-tribal  agreement  in  length  within  limita. 
It  is  not  here  affirmed  that  the  arrows  of  a  tribe  are  exactly  of  a  length. 
The  variations  are  within  certain  narrow  limite. 

The  author  has  measured  a  large  number  of  quiver  contente.  The 
arrows  of  one  quiver  agree  absolutely.  The  arrows  of  a  tribe  agree 
within  a  narrow  .margin.  Often,  especially  in  the  buffalo  region,  there 
seemed  to  be  a  species  of  international  agreement  in  tbe  length  of  the 
arrow. 

The  foreshafted  arrow  finds  ite  occasion  first  of  all  in  the  country  of 
•  Bom.,  VI,  An.  Sep.  Bw.  Ethwt.,  Washington,  525. 
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the  reed  vane — that  is,  along  the  Bootheru  portion  of  the  United  States. 
It  may  then  be  traced  through  those  portions  of  Oalifornia  where  the 
rhns,  elder,  and  other  pithy  twigs  abound.  In  the  Eskimo  area  it  has 
a  mnltitode  of  strnctnres  and  functions. 

The  foreahaft  in  the  South  and  Southwest  is  a  slender  bit  of  hard 
wood  sharpened  and  let  into  the  top  of  the  shaft  and  having  the  arrow- 
head attached  to  the  fore  end.  The  reasons  are  two.  A  hollow  reed 
or  a  very  pithy  twig  affords  a  very  poor  attachment  for  the  arrow-head ; 
and,  secondly,  this  slenderer,  heavier  rod  aids  the  directness  of  the 
flight.  Indeed,  the  very  long  reed  arrows  of  the  Apache  and  Mohave 
tribes  have  for  that  reason  insignificant  feathers. 

In  the  Eskimo  arrows  the  heavy  foresbaft  of  bone  or  ivory  serves 
another  purpose.  Bone  being  heavier  than  wood,  when  one  of  these 
arrows  is  shot  at  an  object  in  the  water  and  the  head  is  detached,  the 
arrow  stands  perpendicular,  and  is  dragged  along  by  the  divided  lints, 
the  feather  bobbing  about  and  enabling  the  hunter  to  follow  np  his 
game. 

Ill  the  harpoon  arrow  and  the  harpoon,  the  foreshaft  furnishes  an 
excellent  socket  piece  for  the  barbed  head  or  the  "  looHe-shaft ".  There 
is  no  doubt,  also,  that  its  much  greater  specific  gravity  assists  in  the 
director  straight-forward  motion  of  the  weapon.  Many  of  these  missiles 
are  discharged  into  the  water,  in  which  caKe  the  ivory  foreshaft  is  of 
.  great  assistance. 

It  is  often  said  by  fh>ntiersmen  that  the  Plains  Indianshad  two  ways 
of  mounting  an  arrow-head  with  relation  to  the  notch  at  the  nock.  If 
the  plane  of  the  arrow-bead  be  horizontal  when  the  arrow  ia  in  position 
for  shooting — ^that  is,  at  right  angles  to  the  notch,  the  missile  is  a  war 
arrow,  to  go  between  the  ribs  of  men.  But  if  the  plane  of  the  head  be 
vertical  when  the  bow  is  drawn,  the  missile  is  a  hunting  arrow  for  pass- 
ing between  the  ribs  of  buffalo  and  other  mammals." 

"Dodge  explains  that  tlie  Gomanches  place  the  notch  of  the  arrow 
ill  the  same  plane  with  the  notch  of  the  string  so  that  it  may  surely 
pass  between  the  ribs  of  the  animal  which  are  up  and  down;  for  the 
same  reason,  the  blade  of  the  war  arrow  is  perpendicular  to  the  notch, 
the  ribs  of  the  human  enemy  being  horizontal.  (  Wild  Indiaiu,  San 
Francisco,  1882,  419.) 

Captain  Bourke  thinks  this  is  a  mistake.  He  says,  "  I  have  seen  all 
kinds  in  the  same  quiver." 

There  is  more  authority  and  reason  for  the  assertion  that  the  barbed 
arrowhendsamong  these  same  Indians  were  for  war  and  the  leaf-8hax>ed 
aod  rhomboidal  head:^  were  for  hunting,  because  they  could  be  easily 
withdrawn  from  the  wound  and  used  iigain;  but  the  Eskimo  have  a 
barbed  arrow,  with  ivory  or  bone  h!irl>  piece,  fitted  into  the  hetul  of  the 
shaft  in  the  most  temporary  fashion,  so  that  when  shot  into  an  animal 
the  head  remains,  rankles,  and  works  its  way  into  the  Hesh.    For  the 


'On  llie  plane  i>rtlie  Lead  ef.  Haoaard,  212. 
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Bame  reason  tlie  forealtafted  arrows  of  the  SodUi  and  Southwest  are 
loosely  pat  together.  The  coloring  of  the  shaft  of  arrows  is  techni- 
cally called  the  riband.  The  Eastern  tribes,  the  Basin  tribes,  and  the 
Eskimo  paint  their  arrows  very  little.  Not  much  stress  could  bs  laid 
on  this  characteristic  except  on  the  California  and  Oregon  coast.  Here 
theanthor  finds  thefollowingto  be  true:  The  arrows  in  the  same  quiver 
have  the  same  riband.  The  arrows  in  the  same  tribe  have  the  same 
general  type  of  riband,  and  the  same  colors  occur  inold  arrows.  From 
tribe  to  tribe  there  occur  differences  in  ril>and,  but  they  have  not  be«u 
studied  out. 

The  selling  of  prepared  paints  and  dyeH  to  the  Indians  by  traders 
has  introduced  inextricable  confusion  into  this  cliaracteriatic.  The 
riband  on  the  arrow  is  generally  in  the  shaftment  or  that  portion  of  the 
arrow  covered  by  the  feathering.  These  bands  and  8trii>es  have  been 
called  clan  marks,  owner  marks,  tribal  marks,  and  the  like,  but  tbey 
are  not  decisive  in  such  matters. 

According  to  Mr.  Hough  "African  arrow-heads  and  feathering  are 
fastened  on  with  grass,  palm-Ieaf  strips,  and  other  vegetable  fibers,  and 
many  are  tanged  or  socketed,  and  are  not  lashed  at  all."*  Papuan 
arrows  are  servetl  with  vegetal  fiber,  the  Aiuos  use  bark,  aod  in 
South  America  many  tribes  lash  with  natural  fibers. 

Most  tribes  of  North  America  do  not  use  any  cement  in  fastening  the 
head  upon  the  shaft.  The  shrinking  of  the  sinew  is  quite  sufficient  to 
hold  all  snugly  in  place.  But  in  the  Southwest  of  the  United  States, 
the  Algarobia  glandulom,  the  ProHopU  jiilijiora,  and  the  Larta  mejicana 
yield  excellent  gnm,  which  is  used  by  the  Shnshonean  and  Yuman 
tribes  to  attach  the  arrowhead,  without  the  use  of  the  sinew.t  (PL 
III,  fig.  2.)     Pine  tree  pitch  and  animal  glue  are  also  used. 

The  feathering  of  an  arrow  is  an  interesting  study  from  place  to 
place.  It  is  governed  by  a  host  of  consideratioos.  As  to  this  char- 
acteristic, arrows  may  be  uufeathered,  two  feathered,  three  feathered, 
many  featliered.  The  feathers  vary  in  length  from  those  only  an  iacb 
to  others  a  foot  long;  in  adhesion,  from  those  attached  only  at  their 
extremities,  and  lying  close  or  standing  off,  to  others  glued  hard  and 
fast  to  the  shaftment  their  entire  length.  In  some  tribes  the  strips  of 
feather  are  laid  flat  along  the  shaftment,  n»  among  the  Eskimo  and 
the  west  coast  tribes,  but  in  the  great  majority  the  feathers  radiate 
from  the  shaft.  In  some  tribes  the  strips  of  feathering  are  without 
ornament,  in  others  they  are  shorn  along  the  margins  to  be  straight, 
triangular,  and  notched  and  a  bit  of  downy  feather  is  left  at  the  nock 
as  a  streamer.  In  this  respect,  when  carefully  cut,  some  of  the  west- 
coast  arrows  present  a  decidedly  natty  appearance. 

On  one  occasion  an  Apache  Indian  came  to  the  author's  department 
of  the  National  Museum  and,  at  his  request,  placed  the  feathering  and 


.  yalvralitl,  vol.  iv,  p.  61.  IJm.  ,Va(iiruUf(,  1878,  p. 596. 
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fiead  upon  an  arrow.  Th«  fentliei's  were  split  carefully  and  aoy.exces. 
Bivepith  or  bomy  portion  of  the  quill  removed.  The  pieces  to  form 
ttie  featlieriug  were  trimmed  to  tlie  same  length.  The  Indian  next 
ahrudded  some  sinew,  whicli  had  been  sent  to  the  Museum  from  Hupa 
Keaervation  in  <Jaliforni>t,  prepared  by  the  relatives  of  the  Apaches 
that  had  been  separated  from  tliem  for  i^euturies.  This  he  (shewed 
until  it  was  Hoft  and  pliant.  He  wa«  now  ready  to  lay  on  his  feathers. 
They  were  placed  on  the  shaftment,  wrapped  slightly  at  the  ends  with 
sinew  to  hold  them  in  position  until  they  could  be  adjusted  to  suit  his 
rigoroaa  taste,  at  equal  distances  apart  and  at  the  proper  distance 
Irom  the  nock.  Placing  the  shaft  under  his  left  arm  and  holding  the 
soft  sinew  in  his  right  arm,  he  revolved  the  arrow  with  the  thumb  and 
ftngers  of  his  left  hand  and  guided  the  wrapping  with  his  right  hand. 
Here  was  a  primitive  machine,  with  shaft  and  two  bearings,  used  for 
the  purjiose  of  winding  evenly  a  thread  upon  a  spool.  The  wrapping 
or  "seizing"  of  an  Indian  arrow  is  a  very  pretty  and  uniform  piece  of 
work.  Mr.  Hough  calls  attention  to  the  operation  of  this  Apache  fletcber 
and  gives  drawing.*  Amctrtg  the  northwestern  Eskimos  it  is  common 
to  neglect  the  seizing  of  sinew  and  to  insert  the  ends  of  the  quill  {wrtiou 
of  the  feather  into  the  soft  wood  by  means  of  a  pointed  ivory  im])leraent. 
As  mentioned,  very  many  Eskimo  arrows  aro  found  without  feathers 
at  all,  the  very  heavy  foreshaft  or  iron  head  (tarrying  the  arrow  forward 
with  sufBcient  accuracy.  On  the  other  hand,  many  of  the  barbed  bar- 
])oons  and  bird  tridents  of  the  Eskimo  are  provided  with  feathers.  In 
the  feathering  of  an  arrow  one  feather  must  be  uppermost,  called  in 
archery  the  cock  feather.  In  some  beautiful  specimens  from  Cooks 
Inlet  and  near  by  one  feather  is  snow  white.  But  the  author  has 
examined  many  hundreds  of  arrows  without  being  able  to  detect  that 
the  arrow-maker  bad  in  mind  to  draw  attention  to  any  one  of  the 
feathers  so  as  to  create  a  true  bottom  and  top  to  his  missile.  In  the 
Eskimo  two-feathered  arntw  there  is,  of  course,  always  one  feather  on 
top  and  another  under. 

The  number  of  featliers  on  a  North  American  arrow  is  an  exceed- 
ingly variable  quantity.  Am  a  general  rule  tlie  Eskimo  have  two  and 
the  Indians  tlitee.  This  will  do  pretty  well  as  a  rule,  bat  many  three- 
feathered  and  no-featbered  arrows  occur  in  Eskimo  land,  and  among 
Indain  tribes  no-feather  arrows  are  common.  The  function  of  the 
feather  is  to  retard  the  rear  end  of  the  missile  and  cause  the  arrow  to 
go  straight.  This  object  being  capable  of  accomplishment  in  other 
ways  the  feather  may  be  omitted. 

The  feathering  of  an  arrow  must  be  studied; 

(1)  The  sjiecies  of  1>ird  from  which  the  feather  is  taken. 

(2)  The  number  of  feathers,  two,  three,  many. 
([i)  Tiie  shape  and  trimming  of  the  feathers. 

■  Jnierifau  Jnlhropotuiiial,  IV,  61. 
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(4)  Method  of  attach meut,  by  sieziug,  or  gluiDg,  aud  to  eacbof  tiieae 
there  are  many  varieties. 

(5)  The  part  of  the  feather  attached  to  the  shaftment,  close  glued, 
standing  off,  or  seized  all  along  by  a  spiral  sinew  thread.  In  many 
musenm  apecimena  the  glae  has  disappeared  and  feathers  appear 
standing  off  that  oagbt  to  be  close  laid. 

The  feathers  of  arrows  are  nsually  laid  on  in  a  line  with  the  shaft, 
but  many  exataples  have  come  to  light  in  which  the  feathers  have  a 
spiral  direction  on  the  shaftment.  On  one  occasion  the  writer  saw  aa 
Apache  Indian  &mub  the  feathering  of  an  arrow,  by  seizing  the  two 
finds  of  the  feathering  and  giving  them  a  twist,  simply  to  make  l^e 
feathers  lie  flat  on  the  arrow  shaft.  This  goes  for  what  it  may  be  worth 
in  accounting  for  the  spiral  position  of  many  feathers.  It  is  inoonoeiv- 
ab)e  that  any  savage  should  grasp  the  problem  of  the  rifle  bullet  aad 
construct  his  missile  accordingly. 

Captain  J.  G,  Bourke,  U.  S.  A.,  Itarnishes  the  following :  "  The  Apaches 
use  three  hawk  feathers,  arranged  e<[nidistant  along  the  shaft  in  tbe 
direction  of  the  Ionf:er  axis,  (listened  with  sinew. 

"The  Uabes  on  the  Amazon  use  three  feathers  spirally.  (Wallace, 
Amazon,  London,  185:),  40;t.) 

"The  Fimas  of  the  Gila  have  two  feathers  instead  of  three.  (6're- 
many,  103.) 

"  Mackenzie  states  that  the  Hare  Indians  of  British  Nori;h  America 
who  are,  like  the  Apaches,  members  of  the  great  Tiuneh  family,  nse  bat 
two  feathers.    (  Vuyagei,  London,  1800,  46.) 

"According  to  Morgan,  the  arrows  of  the  Iro4]nois  had  bat  two 
feathers  and  ended  at  the  power  extremity  in  a  twist.  {League  of  the 
Jroguois,  N.  Y.,  1851,  306.) 

"The  arrows  of  the  Apache- Yumas  are  feathered  spirally  with  three 
feathers  making  a  quarter-tarn  around  the  shaft.  (Corbnsier,  in  Amer. 
Antiquarian,  Sovemher,  188fi,) 

"Maximilian,  Prince  of  Wied,  speaks  of  the  feathers  of  the  Handan 
arrows  being  tied  on  at  both  ends  like  those  of  the  Brazilians;  he  also 
speaks  of  the  spiral  line,  either  carved  or  painted  red,  which  raos 
along  the  greater  number  of  arrows,  and  says  that  it  represents  the 
hghtning.     (London,  1843,  389.) 

"The  explanation  I  received  was  that  the  runnel  permitted  the 
escape  of  bloo4l  and  reduced  the  chances  of  expelling  the  arrow  or  the 
shaft."* 

The  nock  of  the  American  arrow  is  far  more  important  than  that  od 
the  bow.  A  good  classitication  may  be  baaed  on  this  characteristic  as 
pointed  out  long  ago  by  this  writer.  The  following  classes  are  easily 
recognize<l : 

(1)  The  flat  nock,  as  in  all  Eskimo  arrows  and  in  very  few  others. 

(2)  The  cyliudrici''  •■""''  -nost  noteworthy  on  all  reed  arrow  shafts 
of  the  South  and  i'  ■  far  Orient, 

(3)  The  balbcua  'ted  in  size  on  the  West  Coast,  by  cat- 
ting away  tlie  cett  i  as  it  would  permit,  and  then  wrap- 

irke,  letter. 
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ping  the  butt  end  of  the  arrow  with  a  narrow  riband  of  bircb  bark  until 
it  resembled  a  small  Turlc'a  bead  knot.  The  Plains  Indians  also  created 
a  bulbous  nock  by  whittling  away  the  arrow  shaft  a  fourth  of  an  inch 
above  the  end,  leaving  a  cylinder  for  a  finger  grip. 

(4)  The  swallow-tail  nock,  an  exceedingly  dainty  form  affording  a 
wide  open  notch  and  flaring  finger  grip,  without  waste  of  material. 
(Examples  in  Plates  xliii-xlvii.) 

Notches  for  the  bow-string  were  either  very  shallow,  angular  gashes, 
U-shaped  cuts  with  parallel  sides  or  gracefully  curved  incisions  resem- 
bling the  horizontal  portion  of  the  Greek  letter  psi. 

Combining  the  notch  with  the  nock  the  stndent  has  a  mark  which  is 
helpful  in  deciduig  the  band  or  tribe.  At  any  rate,  American  arrows 
differ  in  both. 

There  is  another  characteristic  noticeable  at  this  point,  the  distance 
of  the  uock  from  the  feathering.  In  some  tribes  tlie  latter  crowds 
down  over  the  nock.  In  otber,  more  dainty  Bi>ecin]enB,  the  feathering  is 
several  inches  away. 

This  special  cbaracteriHtic  connects  itself  with  Prof.  Morse's  most 
Interesting  study  respecting  "  arrow  release."  It  will  be  easily  seen 
that  the  thin,  fiat  nock  of  the  Eskimo  lends  itself  easiest  to  tbesecond 
or  the  third  class  of  Prof.  Morse,  wliile  the  bnlbous  nock  and  the 
flaring  nock  conl'orm  most  easily  to  his  first  class,  in  which  the  thumb 
and  first  joint  of  the  forefinger  pinch  the  butt  of  the  arrow.  Coming 
south,  into  the  reed  arrow  country,  where  the  nock  is  cylindrical,  the 
Tertiary  release  might  be  looked  for. 

Dr.  Shufeldt  describes  the  method  of  arrow-release  among  the  Nava- 
joes." 

"Having  reail,  with  great  interest,  Prof  Morse's  pamphlet  on  arrow- 
release,  it  was  with  no  little  curiosity  that  I  handed  a  bow  and  two 
or  three  arrows  to  an  old  gray-beaded  warrior  present,  aud  asked 
bim,  '  Draw — as  if  you  were  about  to  kill  the  worst  enemy  yoa  had  in 
the  whole  world.'  The  old  fellow  seized  the  Imw  and  arrows,  and 
immediately  drew  one  of  them  to  its  very  head.  This  is  the  position  be 
stood  in  at  the  time:  His  left  foot  was  slightly  in  advance  ot  the  right, 
the  bow  was  firmly  seized  at  its  middle  with  the  left  hand,  while  it  was 
held  somewhat  obliquely,  the  upper  moiety  inclining  toward  the  right 
fi'omtheverticalline,  and, of  course,  the  lower  limb  having  a  correspond- 
ing inclination  toward  the  left  side.  The  two  spare  arrows  were  held 
with  the  bow  in  the  left  hand,  being  confined  by  the  fingers  against  its 
right  outer  aspect.  With  the  right  hand  he  seized  the  proximal  end 
oftiie  arrow  in  the  string,  using  the  thumb  and  index  finger,  at  a  point 
'  fully  an  inch  or  more  above  the  notch,  and  consequently  including  the 
feathers.  The  ring  finger  bore  against  the  string  below  this  seizure, 
and  its  pressure  was  re-enforced  by  its  being  overlapped  by  the  middle 
digit,  the  little  finger  being  curicd  within  the  palm  of  the  band. 

"  Tilts  corresponded  to  Prof.  Morse's  secondary  release  as  figured  on 
page  8,  of  the  above  referred-to  pamjihlet,  with  the  exception  that  the 
middle  finger  should  overlap  the  annularis,  aud  was  not  of  itself  used 
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to  drtiw  back  the  string.  I  noticed,  too,  that  thearrow  at  its  bea<l  was 
OD  tile  left  aide  of  ttie  bow  and  simply  rooted  on  top  of  bis  cliocbed 
band.  This  man  wore,  in  common  witb  all  tbe  others  who  used  the 
bow,  a  Htifi  leather  bracer,  fastened  by  buckskin  stringa  about  bis  left 
\vri»t,  tbe  collar  being  about  2  inches  deep,  and  this,  in  several  others 
who  stood  near  and  who  wora  them,  was  ornamented  with  silver  but- 
tons. He  drew  tbe  arrow  back  and  forth  three  or  four  times  witboat 
fhangiug  the  {Ktsition  of  his  tln^r  or  bands,  when  I  suddenly  asked 
biin  to  Khoot  a.s  if  lie  were  going  to  kill  a  squirrel  running  up  a  tree. 
He  smiled  at  this  aiul  simply  drew  the  bow  tbe  same  tcaj/.  Upon 
further  questioning  him,  be  told  me  that  the  Navtyoes  rarely  held  their 
spare  arrows  in  the  bow  hand,  as  he  now  had  them,  but  carried  a  scab- 
bard (qniver  of  buckskin)  full,  in  front  of  them,  from  which  they  could 
be  removed  witb  great  rapidity  while  firing;  this  be  immediately 
demonstrated  to  me  from  one  of  tbe  scabbards  worn  by  an  Indian  there 
present." 

In  arcbery-arrow.s  and  in  Asiatic  examples  a  piece  of  hard  wood  is 
inserted  at  the  uot^king  end  of  the  arrow.  But  in  American  arrows 
tbe  nock  is  always  a  part  of  tbe  wood  of  tbe  shaft.  This  piece,  in 
teubnical  iaugnage,  is  called  the  "footing,"  but  it  need  not  be  here  dis- 
cussed. 

Tbe  subject  of  poisoiietl  arrows  in  North  America  is  a  vexeil  one. 
A  very  high  authority  has  said  that  tbe  thing  wa«  unknown.  But  I 
have  tbe  testimony  of  Bourke  to  the  contrary.  No  one  avers  that  these 
alwrigiiies  prepared  a  vegetable  iHtison,  like  tbe  cnrari.  But  the  toxic 
effect  of  putrid  flesh  was  known,  whether  or  not  bitten  fireely  by  rattle- 
snakes. Dr.  W.  J.  Hoffman  will  bring  together  tbe  evidence  on  tbis 
subject." 

Powiakeii,  a  Salisb  chief,  declared  to  Mrs.  McBean  that  obsidian 
and  glass  jioints  in  arrows  were  poisonous  (U.  S.  N.  M.  letter). 

The  Kontagas  poisoned  their  arrow  and  lance  points  with  a  prepara- 
tion of  iiconite,  by  drying  and  pulverizing  the  root,  mixing  the  powder 
with  water  and,  when  it  fermented,  applying  it  to  their  weapons. 

Bonrke  furnishes  the  following:  "Selecting  tbe  roots  of  such  plants 
as  grow  alone,  these  are  dried  and  pounded  or  grated."  [Saver,  BiU 
Unfits  Ex.,  17S.) 

They  niatle  arrow  points  of  copper,  obtaining  a  supply  from  the 
Kenui  of  (.'opi>er  Ilivor;  and  tbe  wood  was  as  finely  finished  as  if  turned 
in  a  lathe. 

"Die  Pfeilspitx.en  .sind  aus  Eisen  oder  Kupfer  ersteres  erhalten  sie 
von  den  Keiiayeru,  letztcres  von  den  Tutnen."  {Boer,  Stat.  u.  Etkn., 
lis.)  . 

"De  pedernal  en  forma  de  arpon,  cortado  eontaiita  delicadeza  cnmo 
pudiera  haeerlo  cl  maa  liabil  lapidario."  {Jiodei/a  y  (jiuidra,  ffav,,  M8,, 
m.)i 

*Kur  Soiitlivru  liiilii>ii»,  urn)  .l<iiit-!<,  |i.  1!4H.        t!^ei.<  Hiiuc:ruft,  Nativu  Kaces,  I., 79. 
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THE  yUIVER. 

The  quiver  in  difficult  to  study,  because  collectors  have  paid  little 
attention  to  it.  Among  all  the  Plains  tribes  they  are  objects  of  beauty, 
and  have  been  gathered  as  bric-abrmr,  with  little  information  of  their 
whereabouts.  (PI.  Lxxvii-xnv.)  The  same  rules  are  to  be  ob»erve<l 
in  the  study  of  the  quiver  that  we  apply  to  all  other  obJ(M;tA  eoiiueeted 
with  aboriginal  industries.  The  (luiver  in  largely  of  the  region.  In 
the  flrat  place  the  material  out  of  which  each  example  is  made  must 
be  furnished  by  nature;  hence  it  iB  of  sealskin  in  one  place,  of  cedar 
wood  in  another,  of  soft  pelt  in  another,  and  in  the  south  land  is  t^e- 
queutly  made  of  some  kind  of  soft  basketry.  Again,  the  structure  of 
the  quiver  must  be  adapted  to  its  function,  that  is,  to  the  tmw  aud 
arrows  to  be  carried ;  also  to  the  exigencies  of  the  weather  and  tlie 
surroundings     The  parts  of  a  most  elaborate  <(uiver  are: 

(1)  The  bow  case,  a  long,  slender  bag,  into  which  the  bow  is  thrust. 

(2)  The  arrow  case,  a  pocket  in  which  the  arrows  are  kept,  jioints 
downward,  as  a  rule. 

(3)  The  stifi'euer,  a  rml  of  wo<kI  iittached  along  tlie  outside  of  the 
arrow  ca.se,  to  keep  it  rigid, 

(4)  Baldric,  a  bund  of  buckskin,  or  in  the  finest  examples,  of  elegant 
fur,  lined  and  decorated  with  ([uill  work,  passing  over  the  left  shoulder, 
across  the  breast,  and  attached  by  its  ends  to  the  quiver.  It  is  for 
carrying  the  quiver. 

(5)  Fire  bag,  a  leather  iK>uch  in  which  the  Indian  hunter  kept  his 
Hints,  steel,  spuuk,  awl,  and  other  subsidiary  ap])aratns  needful  on  bis 
journey,  it  was  tied  to  the  middle  of  the  bow  case  or  the  stifiener. 
Among  several  of  the  monntiiin  tribes  the  squaw  lavished  all  her  skill 
QIH>n  her  husband's  quiver.  The  costliest  beaver,  marten,  otter,  and 
mountain  lion  pelt  was  invoked.  It  was  lined  with  soft  buckskin,  or  in 
later  times  with  red  strouding.  Bea<l8  of  every  imaginable  color  were 
workeil  upon  the  border  of  the  arrow  case  and  u|>on  the  lining  of  the  long 
I>endant  therefrom.  Strips  of  ftir,  daintily  cut  in  fringes,  were  sewed 
about  the  btittoni  of  the  liow  case,  and  every  spot  capable  of  rich 
decoration  received  it.  Between  this  and  the  plain  salmon-skin  cap- 
sule, into  which  the  Kskimo  thrust  his  arrows,  there  are  many  grada- 
tions of  quivers,  as  will  apiicar  in  the  treatment  of  the  several  tribes, 

"The  quiver  of  the  Central  Kskimo,  says  Boas,  is  mudent  seal-skni, 
the  hair  of  which  is  reniovetl.  It  comprises  three  divisions,  a  larger 
cue  containing  the  bow  and  a  smaller  one  containing  1  or  6  arrows, 
the  head  directed  toward  the  lower  end  of  the  case.  When  extraetetl 
from  the  quiver  tiicy  are  ready  for  use.  Between  the  two  compartments 
there  is  also  a  small  pouch,  iu  which  t<Ki1s  and  extra  arrow-heads  are 
carried.     (Plate  xciii), 

"When  travelling  the  Eskimo  carry  the  quiver  by  an  ivory  handle; 
when  in  use  It  is  hung  over  the  left  shoulder.  Boas's  Sg.  451,  p.  IWS, 
represents  quiver  handles,  the  liret  being  fashioned  in  imitation  of  an 
ermine."  • 

-  F.  ,B..a«.  The  Ctmlrai  K>kimo.  vi  Jlep.  JIur.  JUthnol,  p.  .'wis.'^'^^^^ 
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"The  quiver  of  the  Blackfeet  was  madelWiiu  tliecongar  skin  and  waa 
frequently  value<l  at  oue  horse."* 

Throughout  the  area  of  fur -beariug  animals  the  pelt  of  any  one  of 
them  of  Bufflcient  size  served  as  a  quiver  or  arrow  bag.  These  are,  for 
the  most  part,  slovenly  in  a))t>«arauce.  But  the  Blackfeet  aod  other 
Plains  tribes  formerly  made  up  their  bow  cases  and  quivers  from  large 
skins.  In  later  times  leather  and  cow^s  hide  with  the  hair  on  were  sub- 
stituted.   The  elaborate  make-up  was  preserved. 

"  Tlie  Turok  quiver  was  made  of  the  skin  of  the  raccoon  or  marten 
turned  wrongside  out  and  suspended  by  a  string.  In  the  lower  end 
moss  was  stuffed  as  a  cushion  for  the  arrow-heads,  t  The  bow  was 
stuffed  into  this  bag  with  tbe  arrows  and  the  wonder  is  how  a  man 
could  keep  the  bow  from  destroying  the  arrows.  In  traveling,  however, 
the  bow  was  held  in  the  left  hand. 

HOTES  ON  THE    BOWS,   ARROWS,   AND  QUIVERS  OF  VARIOUS  TRIBES. 

Baegert  says  that  tbe  shafts  of  the  Southern  California  arrows  consist 
of  reeds,  which  they  straighten  by  the  fire.  They  arc  above  fi  spaos 
long,  and  have,  at  the  lower  end,  a  notch  to  catch  tlie  string,  and  3  or  4 
feathers  about  a  flngerlong,  not  much  projecting,  and  let  into  slits  made 
for  that  purpose.  At  the  upper  end  of  tlie  shaft  a  pointed  jiiece  of  heavy 
wood,  a  span  and  a  half  long,  is  inserted,  bearing  usually  at  its  extrem- 
ity a  flint  of  a  triangular  Hliape,  almost  resembling  a  serpent's  tongue 
and  indented  like  theedge  of  a  saw.  The  Califomiaus  carry  their  bows 
and  arrows  always  with  them,  and  as  they  commence  at  an  early  age 
to  use  these  weapons  niaoy  of  them  become  skillful  archers,  t  (Plate  xoi, 

XCII.) 

The  arms  of  tbe  Apaches  according  to  Pike  are  the  bow  and  arrow. 
Their  bow  forius  two  demicircles,  with  a  shoulder  in  the  middle;  the 
back  of  it  is  entirely  covered  with  sinews,  which  are  laid  on  in  so  nice 
a  maimer  by  tbe  use  of  some  glutinous  substance  as  to  be  almost 
imperceptible;  this  gives  great  elasticity  to  the  weapon.  Their  arrow 
is  more  than  the  "cloth  yard"  of  the  Eughsh,  being  3j  feet  long,  tbe 
upper  part  consistiug  of  some  light  msli  or  cane,  into  which  is  inserted 
a  shaft  of  about  1  foot  made  of  some  hard,  seasoned  light  wood;  tbe 
point  is  of  iron,  bone,  or  stone,  and  when  the  arrow  enters  the  body,  in 
attempting  to  extract  it  the  shaft  [foreshaft]  comes  out  of  its  socket 
and  the  point  remains  in  the  wound.  With  this  weiipou  they  shoot 
with  such  force  as  to  go  through  the  bo<1y  of  a  man  at  a  distance  of 
100  yards.  5 

"The  Apache  arrow  was  composed  of  three  distin<;t  parts — the  reed, 
the  stem,  and  the  barb:  tbe  last  aftixe<t  to  the  stem,  and  the  stem,  of 


-  Maximilian,  TVarch,  elc,  257. 

tPowera,  CohI.  to  N.  A.  Ethru>l.,  vol.  in,  p.  48. 

t  Bnegert,  Jacob,  Aboriginal   Uhahilaiilt  of  California^   Penintula,  Sm.  X^.,  1863, 

362. 

i  Pik^t  EacpediHon,  Pbtla.,  1810,  10,  Appeailix  to  Put  iii. 
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hard  wood,  inserted  iu  the  reed,  and  both  held  finnly  in  place  by  liga- 
tures of  oiiiew.  The  stem  was  made  of  a  hard  wood  called  kk-ing,  and 
the  reed  in  Apache  '  klo-ka,'  meaning  'arrow  grass.'  There  is  a  great 
advantage  in  the  ase  of  thlH  reed,  because  the  arrow  afterwards  needs 
no  Btriughtening,  whereas  the  arrows  made  by  the  Zuflis  and  others 
must  be  subjected  to  a  special  process  to  make  them  shoot  trne. 

"  The  use  of  sinew  for  securing  the  barb  to  the  stem  was  believed  to 
be  based  upon  the  tact  that  after  the  arrow  had  entered  the  body  the 
warm  blood,  flowing  from  the  wound,  wonid  soften  and  loosen  the  sinew, 
disengage  the  barb,  and  increase  the  discomfoi-t,  pain,  and  danger  to 
the  victim. 

"  It  may  be  of  interest  to  students  of  linguistics  to  know  that  the 
Apache  word  for  bullet, '  ka,'  is  really  the  word  for  arrow,  and  much  as 
the  word  has  survived  the  weapon  itself  has  survived,  because  the 
cross  section  of  a  rifle  bullet,  taken  along  the  greater  axis,  is  all  the 
same  as  the  same  section  made  on  n  double-tanged  arrow."* 

"  In  the  American  X^aturalUt,  vol.  XL,  p.  26i,  Mr.  Edwin  A.  Barber 
describes  nine  different  kinds  of  arr»w-he*dB — leaf-shaped,  triangular, 
indented  at  base,  stenimed,  barbed,  beveled,  diamond-shaped,  awl- 
shaped,  shaped  like  a  serpent's  head. 

"All  the  above  forms  may  be  found  in  use  among  the  Apaches  to-day. 
The  same  warrior  may  have  in  his  quiver  representatives  of  several 
types,  sometimes  serrated,  sometimes  non-serrated,  but  all  deadly. 
Arrows  intended  simply  for  the  killing  uf  birds  or  small  game  were  not 
always  barbed,  but  were  generally  provided  with  a  cross  piece  about 
2  inches  below  the  tip.     [This  same  stop  is  found  in  Canada.] 

"The  arrow  of  the  Apache  sometimes  terminates  in  a  triangular 
piece  of  hard  wood,  whi<rh  seems  to  be  perfectly  efl'ective  as  a  weapon. 
One  set  of  these  is  now  in  my  {tossession,  made  of  Florida  orange 
wood  by  Koth  li,  a  Chiricahua  prisoner  conflned  at  Fort  Marion. 

"Just  such  arrows  were  observed  by  Columbus  upon  first  reaching 
this  continent.  'They  carry  however  in  lieu  of  arms,  caues  dried  in 
the  sun,  on  the  ends  of  which  they  fix  heads  of  wood,  dried  and  sharp- 
ened to  a  poi^it.'  (I.«tters  of  Columbus,  Hakluyt  Soc,  London,  1847, 
vol.  II,  p.  6.)* 

"Stone  arrow-heads  were  made  preferably  of  obsidian  (dolguini), 
next  of  chalcedony,  petrified  wood,  jasper,  or  other  siliceous  rock, 
lastly  of  fragments  of  beer  bottles;  but  if  pieces  of  hoop  iron  could  be 
picked  up  they  were  always  utilized. 

"Arrows  made  out  of  domestic  glass  were  described  over  a  cen- 
tury ago  by  Lawson,  in  his  account  of  the  Carolina  Indians.  Jle 
DientioDs  having  seen  in  an  Indian  town,  'very  long  arrows  headed 
with  pieces  of  glass  which  they  had  broken  from  bottles.'  (Quoted  by 
Squier  and  Davis,  Mounds  of  the  Mississippi  Valley,  in  Smithsonian 
Contributions,  vol.  vi,  213 ;  but  there  the  opinion  is  expressed  that  these 
may  have  been  obsidian.) 

"It  may  be  well  to  remember  that  the  Indians  of  the  Southwest 
were  perfectly  familiar  with  obsidian,  and  that  the  Apache  name  for 
glass  means  obsidian.  It  may  have  been  only  a  coincidence,  hat  I  do 
not  at  this  moment  remember  any  glass  arrows  that  were  not  brown 
glass,  the  nearest  approach  in  appearance  to  obsidian.  I  have  seen 
the  green  arrows,  but  they  were  made  of  the  semi-precious  stone  called 
aqna  marina,  found  among  the  Navajoes. 

"Lyon,  ({noted  by  Bancroft  (JVaf.  Races,  vol.  i,  p.  342),  refers  to  an 


*  J.  O.  Bourke,  letter, 


C.oo«lc 


■670  NORTH   AMERICAN   BOWS,  ARROWS,  AND   QCIVERS. 

iDdian  (tribe  not  ^veii)  who  made  him  a  glass  arrow  from  »  fragment  of 
porler  bottle  at  the  third  trial,  after  lie  ha<l  learueil  the  gntiii  of  the  glass. 

"The  process  of  mauufaeture  was  iu  each  case  the  same,  aii<l  cou- 
eisted  ID  cbippiiig  small  fragments  from  the  edges  of  saitable  pieces  of 
malerial,  the  chipping  iu]>lement  Ijeing  a  portion  of  hardened  deer  or 
elk  horn  held  in  the  right  hand,  the  siliceoiis  stone  being  held  iu  the 
left  over  a  flap  of  buckskin  to  protect  the  fingers. 

"I  once  made  it  my  ba.>!ines8  to  solve  the  problem  how  long  it  would 
take  Apaches  whose  village  had  Iteen  captured  and  dcHtroyed  by  troops 
to  provide  themselves  anew  with  weapons  which  would  i-ender  them  u 
menace  to  the  scattered  settlements  of  tlie  trontier.  I  singled  out  tui 
Apache  at  random  and  sti{>ulated  that  he  should  employ  no  tooU  of 
iron,  but  allowed  him  to  gather  from  the  ground  such  chips  of  chalced- 
ony as  he  pleaseil. 

''He  made  a  nnmber  of  barbs,  the  time  as  recorded  in  my  note-books 
being  five,  six,  neveu,  and  eight  minutes;  an  expert  might  have  doue 
even  better  than  that. 

"I  can  not  understand  what  Powers  meant  when  he  said  that  a  Porno 
Indian  will  spend  days  and  even  weeks  upon  one  piece,  unless  he  is 
alluding  to  some  one  making  a  'medicine  bow  and  arrows  for  a  special 
occasion'.     (Bancroft,  Xat.  Kaceg,  vol.  I,  p.  342.) 

"Gen.  George  Crook,  who  was  a  very  close  observer  of  the  habits 
and  customs  of  the  wild  tribes  among  whom  he  servetl,  relates  that  the 
Indians  of  Oregon  used  obsidian  and  made  the  barbs  with  remarkable 
facility  and  rapidity,  from  fifty  to  sixty  in  an  hour.  (SniHfuioman 
Report,  1871.)  He  also  states  that  the  Klaniaths  were  making  their 
arrows  of  broken  junk  bottles,  the  tool  used,  a  knife  in  place  of  a  horn, 
and  a  blanket  instead  of  a  buckskin. 

(Captain  Bourke  is  evidently  thinking  of  the  making  of  arrow  heads. 
Every  tribe  of  Indians  spent  days  uml  even  weeks  npon  arrow  shatts 
and  bows.  As  in  the  manufacture  of  pottery  the  operation  can  not  be 
finished  at  a  single  sitting  as  has  been  shown  previously.) 

"The  Hoopa  Indian,who  is  a  relative  of  trie  Apache,  makes  his  arrows 
in  mneh  the  same  manner,  but  the  obsidian  or  jas^icr  head  is  nntanged 
and  lashed  with  sinew."* 

"Catltn  Says  that  every  Apache  tribe  has  its  factory  iu  which 
arrow  heads  are  made,  and  in  those  only  certain  adepts  are  allowed  to 
make  them  for  the  use  of  the  tribe.  Erratic  bowlders  of  flint  are  col- 
lected (and  sometimes  brought  an  immense  distance)  and  broken  with 
a  sort  of  sledge-hammer,  made  of  a  rounded  pebble  of  bornstone,  set  iu 
a  twisted  withe,  holding  the  stone  and  forming  a  handle. 

"The  stone,  at  the  indiscriminate  blows  of  the  sledge,  is  broken  into 
a  hundred  pieces,  and  such  flakes  selected  as,  from  the  angles  of  their 
fracture  and  thickness,  will  answer  as  the  biisis  of  an  arrow-bead;  and 
in  the  hands  of  the  artisan  they  are  shai>ed  into  the  beautiful  forms  aud 
proportions  which  they  desire,  and  which  are  to  be  seen  in  most  of  our 
museums. 

"The  master  workman,  seated  on  the  ground,  lays  one  of  these  flakes 
on  the  palm  of  his  left  hand,  holding  it  firmly  down  with  two  or  more 
fingers  of  the  same  hand,  and  with  his  right  hand,  between  the  thumb 
and  two  forefingers,  places  his  chisel  (or  punch)  on  the  point  that  is  to 
be  broken  oft";  and  a. co-operator  (a  striker)  sitting  in  front  of  bim,  with 

'Cupt.  J.  G.  liuuike,  letter. 
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a  mallet  of  very  bard  wood,  strikes  the  chisel  (or  paiicti)  on  the  upper 
end,  flakiug  the  flint  off  on  the  under  side,  below  each  projecting  poiut 
that  is  struck.  The  flint  is  then  turned  and  chipped  in  the  same 
manner  from  the  opposite  side,  and  so  turned  and  chipped  until  the 
required  shape  and  dimensions  are  obtained,  all  the  fractures  heing 
made  on  the  palm  of  the  band. 

"In  selecting  a  fluke  for  the  arrow-head  a  nice  judgment  must  be 
used  or  the  attempt  will  fail;  a  flake  with  two  opposite  parallel  or 
nearly  parallel  planes  is  found,  and  of  the  thickiiess  requin'd  fur  the 
center  of  the  arrow  [win  t.  The  first  chipping  readies  near  to  the  center 
of  these  planes,  but  without  quite  breaking  it  away,  and  each  chipping 
is  shorter  and  shorter,  until  the  ufaaiie  and  the  edge  of  the  arrow-head 
are  formed. 

"The  yielding  elasticity  of  the  palm  of  the  hand  enables  the  chip  to 
come  off  without  breaking  the  body  of  the  flint,  which  would  be  the 
case  if  they  were  broken  on  a  hard  substance.  These  people  have  no 
metallic  instruments  to  work  with,  and  the  instrument  (punch)  which 
they  use  I  was  told  was  a  piece  of  bone;  but  on  exuminiug  it  I  found  it 
to  be  a  substance  much  harder,  ma^lo  of  the  tooth  (incisor)  of  the  sperm 
whale,  or  sea  lion,  which  arc  often  stranded  on  the  coast  of  the  Pacific. 
This  punch  is  about  0  or  7  inches  in  length  and  1  inch  in  diameter,  with 
one  rounded  side  awl  two  plane  sides;  therefore  presenting  one  acute 
and  two  obtuse  angles  to  suit  the  imints  to  be  broken. 

"  This  operation  is  very  curious,  Iwth  the  holder  and  the  striker  sing- 
ing, and  the  strokes  of  the  mallet  given  exactly  in  time  with  the  music, 
and  with  a  sharp  and  rebounding  blow,  in  which,  the  Indians  tell  us,  is 
the  great  medicine  (or  mystery  of  the  operation), 

"The  bows  also  of  this  tribe,  as  well  as  the  aiTow-heiids,  are  made 
with  great  skill,  either  of  wood  and  covered  on  the  back  with  sinew,  or 
of  bone,  said  to  be  bn>ught  from  the  sea-coast,  and  probably  from  the 
sperm  whale.  These  weaiwns,  much  like  those  of  the  Sioux  and 
Comanehes,  for  use  on  horseback,  are  short,  for  c^invenieiice  of  hand- 
ling, and  of  great  iwwer,  generally  of  2  j  feet  iu  length,  and  their  mode 
of  using  them  in  war  and  the  chase  is  not  surpassed  by  any  Indians  on 
the  continent."" 

"The  bows  of  the  Beothucs  are  all  of  sycamore,  which  being  very 
scarce  in  their  country,  and  the  only  wood  it  produces  that  is  fit  for 
this  use,  becomes  very  valuable.  Mr.  Peyton  informed  Lloyd  that  their 
bows  were  roughly  nmde  of  mountain  ash  or  dogwood ;  they  were  formed 
by  splitting  the  piece  of  wood  selected  for  the  purpose  down  the  middle, 
the  round  side  of  which  formed  the  back  of  the  bow.  The  sticks  are 
not  chosen  with  any  nicety,  some  of  them  being  knotty  and  very  rude 
in  appearance,  but  they  show  a  considerable  aniouut  of  constructive 
skill.  Except  in  the  grasp  the  inside  of  them  is  cut  flat,  but  so  obH- 
quely  and  with  so  much  skill  that  the  string  will  vibrate  in  a  direc- 
tion coin<^iding  directly  with  the  thicker  edge  of  the  bow.  The  bow 
is  fully  5i  feet  long.    The  string  was  mwle  of  deer's  sinew. 

"Beotuuc  arrows  were  made  of  pine  (white)  or  sycamore,  asdwere 
slender,  light,  and  straight.  The  heiwl  wsis  a  two  etlged  lance  about  6 
inches  long,  made  of  iron  taken  from  the  traps,  and  other  objects  of 
tiiat  metal,  which  they  had  stolen  from  the  furriers  and  fishermen. 

"Cartwright  Siiys,  in  his  jounml  of  u  residence  in  Labrador,  that  the 
head  of  the  arrow  was  a  barbed  lance  (i  inches  long  made  out  of  auold 

*  G«OTge  Catlia,  Lait  BambUi,  pp.  llfl  to  190,  ia  SmUhionian  Beporl,  1885,  p.  743. 
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nail  let  into  a  cleft  in  the  top  of  the  shaft,  and  eecared  there  by  a  thread 
of  deer's  sinew.  The  etock  was  about  3  feet  in  length.  It  was  feathered 
with  the  'gray  goose  wing.'  They  also  use  the  feathers  of  the  'gripp,' 
or  sea  eagle,  on  their  arrows."* 

This  testimony  is  of  the  same  character  as  that  relating  to  John 
Smith.  The  Beothacs  did  not  belong  to  any  of  the  great  Indian  fomilies 
known,  bnt  were  a  stock  apart.  The  rudeness  of  manafactare  is  also 
noticeable  in  contrast  with  those  of  the  Eskimo. 

"The  weapons "^sed  in  the  loway  tribe,  and  of  which  these  people 
have  brought  many,  are  very  similar  to  those  used  in  most  of  the 
uncivilized  tribes  of  North  America,  consisting  of  the  bow  and  arrows, 
the  lance  and  the  javelin,  warclubs,  knives,  etc.,  and  with  these,  as  a 
protection  in  battle,  a  leathern  shield,  made  of  the  hide  of  the  boJfalo 
bull,  ButBciently  thick  and  hard  to  arrest  an  arrow  or  to  turn  the  blade 
of  a  lance."  f 

The  loways  belong  to  the  Sionan  stock  and  their  arrows  are  a  shaft, 
iron  head,  and  three  tolerably  longfeathers.  The  nock  is  either  bulbous 
or  flaring,  affording  a  grip  for  the  thumb  and  fore  finger.  The  quiver 
is  an  elaborate  affair.  Indeed  the  quivers  of  the  Siouao  and  other 
stocks  pre3iiig  npou  the  buffalo  were  the  most  complicated  on  the  con* 
tinent. 

The  Blackfeet  do  not  make  bows  of  the  horn  of  the  elk  or  of  the 
mountain  sheep.  Their  country  does  not  produce  any  wood  suitable 
for  bows,  and  they  obtain  by  barter  the  bow  wood,  or  yellow  wood 
{Maclura  auranti4tca)  from  the  river  Arkansas.  For  their  quivers  they 
prefer  the  skin  of  the  congar  {Feli*  coneolor,  Linn).  The  tail  hangs 
down  firom  the  qniver,  is  trimmed  with  red  cloth  on  the  inner  side, 
embroidered  with  white  beads  and  ornamented  at  the  end  or  elsewhere 
with  strips  of  skin-like  tassels. 

"  I  saw  few  lances  among  the  Blackfeet,  but  many  war  clnbs  which 
th^  have  taken  fK>m  the  Flatheads.  Many  have  thick  leather  shields 
painted  green  and  red,  and  hung  with  feathers  and  other  things, "( 

All  the  Sioux  triL>es  use  a  short  arrow,  with  long  shaftment  bearing 
three  eagle  feathers.  The  shafts  were  marked  with  the  lightning  tav- 
rows,  and  streaked  in  different  cotors.  The  Sioux  procured  iron  cen- 
turies ago  and  substituted  it  for  the  stone  head.  One  of  the  rarest 
specimens  in  any  museum  is  a  Sioux  arrow  with  a  jasper  point. 
-  Mr.  Dorsey  says  that  the  Omaha  use  the  following  as  their  arrow- 
measures:  From  the  inner  angle  of  the  elbow  to  the  tip  of  the  middle 
finger,  and  thence  over  the  back  of  the  hand  to  the  wrist  bone. 

"When  in  need  of  arrow  points  the  Sioux  would  take  his  rawhide  or 
buckskin  sack  or  bag  and  go  in  searcli  of  the  above-mentioned  stones; 
when  found  would  take  another  heavy  stone,  and  by  striking  and  break- 
ing the  stone,  would  gather  the  fragments  that  would  serve  for  arrow 
or  spear  points.    Those  fiakes  which  required  less  work  in  trimming  or 
■T.  Q.  B.  Lloyd,  J.  Anthrop.  Iiul.,  vol.  IV,  p.  28. 
t  CatUn's  Indian  Qallerj,  SmilAnmian  Report,  1885,  pkii  ii,  p.  148. 
t  Consnlt  Maximilian,  iVar.,  1843,  p.  268. 
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chipping  would  be  placed  in  liia  aack,  aud  when  enottgU  were  cullected 
he  would  take  tbeiii  to  h\»  lodge  to  faHliiou.  Iloldiug  the  arrow,  n\ttar, 
or  knife  piece  in  bi.s  hand,  he  would  chip  carefully  with  another  flint  or 
iron  nx;k,  or  placiog  the  sharp  edge  against  the  projecting  piece  or  par- 
ticle to  be  removed,  being  careful  in  only  chippingor  forcing  ofl'  HulticieDt 
to  make  the  Htune  iu  proper  stiaite,  with  sharp  edge  and  point.  They 
made  the  grooves  in  war  clubs,  axe»,  hammers,  or  bone  breakers  by 
constiint  i>ecking. 

"There  was  another  kind  of  arrow  point  they  luatle  of  which  I  never 
heard  before,  and  that  was  out  of  the  tront  part  of  the  foreleg  of  an 
elk,  between  fetlock  and  knee  Joint,  They  would  take  that  bone  and 
break  it,  and  slivers  that  would  answer  were  made  into  arrow  points 
by  grinding  them  on  a  st^ine.  They  make  a  good  arrow  point,  but  not 
so  strong  As  the  flint  points. 

"The  stone  arrow  points  were  each  separately  bound  with  sinews  to 
protect  them  from  breaking  even  in  the  quiver,  and  the  arrows  were 
nnwi-apped  before  starting  after  a  herd  of  buffalo."* 

The  unwrapping  of  the  sinew  before  shooting  is  quite  new  testimony, 
but  Mr,  Allen  has  lived  on  the  frontier  many  years  in  Montana. 

"Among  the  plains  Indians,"  says  Dodge  "a  good  bow  takes  a  long 
time  and  much  labor  in  its  construction.  The  best  wood  is  the  osage 
orange  {'boiH  d'arc'  of  the  old  French  trappers,  corrupted  into  'bow 
dark'  by  plains  Americans).  This  wood  grows  In  comparatively  a  lim- 
ited area  of  country,  aud  long  journeys  are  sometimes  made  to  obtain 
it.  Only  the  best  are  selected,  straight,  and  as  free  as  pissible  from 
knots.  The  seasoning  process  is  slow  and  very  thorough.  A  little 
cutting,  shaping,  and  scraping  with  knife  or  piece  of  gluss,  then  a  hard 
rubbing  with  buffalo  fat  or  brains,  and  the  stick  is  put  aside  in  a  warm 
place,  to  he  worked  at  again  in  a  few  days  or  neeks.  A  good  bow 
with  fair  usage  will  last  many  years,  but  it  is  liable  to  be  broken  at 
any  time  by  accident.  Each  warrior,  therefore,  possesses  several  sticks 
of  bow  wood  in  various  stages  of  completion. 

"The  strings  are  forme<l  of  closely- twisted  fibers  of  the  sinews  of 
animals.  These  sinews  are  cut  out  their  full  length.  Bach  is  then  sub- 
divided longitudinally  into  strings,  and  these  picked  and  re  picked  into 
fibers  as  fine  as  hair  and  as  long  as  possible.  With  the  rude  means  at 
their  disposal  it  requires  no  little  skill  so  to  put  and  twist  these  fibers 
together  as  to  form  a  string  perfectly  round  and  of  precisely  the  same 
size  and  tension  from  end  to  end. 

"The  arrows  require  in  the  aggregate  much  more  labor  than  the 
bow.  Any  hard,  tough,  straight- grained  w<>od  is  used.  It  is  scraped 
to  proper  size  and  shape,  and  must  lie  perfectly  round.  The  head  is 
either  of  stwue  or  iron — of  late  years  almost  exclusively  of  iron,  for  stone 
of  the  necertsary  hardness  is  extremely  difficult  to  work,  and  twenty  or 
more  stones  are  spoiled  or  broken  for  each  arrow  head  made. 

"Tinder  the  most  favorable  circumstances,  however,  the  most  skill- 
ful Indian  workman  can  not  hope  to  complete  more  than  a  single  arrow 
in  a  hard  day's  work.  In  a  short  fight,  or  an  e&citing  dash  after  game, 
he  will  expend  as  many  arrows  as  will  keep  him  busily  at  work  for  a 
nmnth  to  replace.! 

"The  constructive  industry  of  the  men  was  confined  principally  to 
the  making  of  arms,  bows,  arrows,  shields,  and  spears.  These  were  all 
objects  in  which  they  took  great  pride.    The  favorite  material  for  bows 

*  Letter  from  I.  Allnn,  Stniwatcr,  Mont. 
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was  boit  tCarc  {Maclura  auranttaca).  Wheu  these  could  uot  be  obtained 
biftkory  or  coffee  bean  {Gymnocladm  Canaden»u)  was  used.  The  iiaiue 
tirakU,  bow,  Beem  to  ludicate  that  bows  were  once  made  of  bone,  the 
ribs  of  tlie  baffalo  or  other  large  animal,  skillfully  fitted  and  wrapped 
throughout  with  siuew.  Forty  years  ag«i  bows  of  this  kind,  and  also 
of  elk  horn  were  (wcasionally  found  in  uw.  Choice  bows  were  Bome- 
times  made  of  red  cellar,  and  if  carefiilly  used  answered  well,  but  were 
extremely  liable  to  be  shattered  by  any  rough  handling.  The  making 
of  a  good  bow  was  a  task  involving  long  and  painstaking  labor.  It 
was  wrought  int^  shape  only  a  tittle  at  a  time,  being  repeatedly  uiled 
meanwhile,  and  constantly  bandied  to  keep  the  wood  pliable.  When 
finished  the  bow  waa  sometinies  wrapped  with  sinew  and  its  strength 
thereby  greatly  increased.  The  string  was  of  sinew  from  the  back  of 
the  buffalo.  As  soon  as  the  siuew  was  taken  from  the  animal  the  par- 
ticles of  flesh  adhering  were  scraped  off  and  the  minute  fibres  care- 
fully separated.  The  beat  of  these  wei-e  selected  and  twisted  into  a 
string  of  nniform  size  and  elasticity.  One  end  of  this  string  was 
fastened  securely  in  pla^'e  upon  the  bow,  and  the  other  furnished  with 
a  loop  so  adjusted  that  in  an  instaut,  as  occsision  required,  the  l>ow 
might  be  strung  or  unstrung. 

"According  to  Dunbar  much  labor  was  sjieut  by  the  Pawnees  in  the 
cou8tru4tion  of  arrows.  The  shafts  were  made  from  sprouts  of  dog- 
wood (Corn««*fo(oni/«'a).  The  bark  was  removed  aud  the  rods  were 
rubbed  between  two  grooved  stones,  held  firmly  together  in  one  hand 
till  reduced  to  a  proper  size  and  smoothness.  The  bead,  made  of  hoop 
iron,  was  then  inserteil  in  one  end  of  the  shaft  and  bound  in  position 
with  sinew.  The  back  end  of  the  shaft  was  now  furnished  with  a  triple 
row  of  feathers  attai'hed  by  means  of  glae  and  sinew  and  the  end 
notched  to  fit  the  bowspring.  With  a  small  chisel-like  instrument 
three  slight  grooves  or  channels  were  cut  along  the  shaft  between  the 
head  aud  the  feathers  and  the  arrow  was  complete.  Various  reasons 
were  ns-signed  tor  this  channeling.  Some  claimed  that  it  caused  the 
arrow  to  adhere  more  firmly  in  the  wound;  others  that  it  was  simply 
designed  to  facilitate  the  flow  of  blood.  The  manufacture  of  arrows, 
a»  of  bows,  was  a  slow  and  irksome  process.  Three  or  fonr  were  prob- 
ably the  limit  of  a  day's  work,  even  after  the  rough  material  was 
already  at  hand.  So  exact  were  they  in  making  them  that  not  only 
were  the  arrows  of  different  tribes  readily  distinguishable,  but  even 
individuals  could  recognize  their  own  anows  when  thrown  togethei- 
with  those  of  others  of  the  same  band.  Disputes  sometimes  arose  after 
the  slaughter  of  a  herd  of  buffalo  as  to  whose  some  particular  carcass 
rightfully  was.  If  the  arrow  still  remained  in  the  body  the  question 
1  as  ci'.siiy  decided  by  drawing  it  out  and  examining  the  make  of  it. 
>.  ome  Indians  made  two  kinds  of  arrows,  one  for  hunting  and  another 
lor  war.  In  tlie  latter  the  head  was  so  fastened  that  when  an  attempt 
was  made  to  draw  the  shaft  from  a  wound  the  head  was  detached  and 
remained  in  the  body  of  the  victim.  The  Pawnee  never  used  such. 
When  once  he  had  possessed  himself  of  a  good  bow  and  a  supply  of 
arrows  the  Pawnee  was  as  solicitous  in  the  care  of  them  as  a  hunter 
would  be  of  a  choice  rifle.  The  bow,  if  not  in  actual  service,  was  kept 
close  in  its  case,  and  the  arrows  in  the  quiver.  Great  pains  weretakeu 
that  they  should  uot  become  by  any  chance  wet,  and  much  time  was 
spent  handling  them,  that  the  bow  should  not  lose  its  spring  and  the 
arrows  should  not  warp.  The  average  length  of  the  former  was  4  feet; 
of  the  latter  2tf  inches."* 
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The  catit)  fur  the  bow  and  the  quiver  are  of  the  nkin  of  Rome  animal, 
often  of  otter,  fastened  to  each  other;  and  to  the  latter  the  tail  of  the 
animal  at  full  length  ia  appended.  The  bow  is  partly  covered  with  elk 
horti,  has  a  very  strong  string  of  twisted  sinews  of  animals,  and  is 
wound  round  iu  different  places  with  the  same  t<)  strengthen  it.  The 
bow  is  often  adorDe<l  with  colored  cloth,  ^wrcupine  t|uills  and  white 
strips  of  ermine.* 

"The  Pawnee  bow  case  and  quiver  were  made  of  skin,  dressed  to  be 
iini>ervions  to  moisture.  The  usual  material  was  elk  skin.  Indians 
who  could  afford  it  sometimes  made  a  quiver  and  case  of  the  skin  of  an 
otter  or  panther.  In  removing  a  skin  which  was  to  be  used  for  this 
purpose  from  the  carcass,  care  was  exercised  that  every  particle  of  the 
skin,  that  of  the  head,  t^il,  and  even  the  clawK,  should  be  retained, 
and  appear  in  the  case  when  finally  niatle  up.  Oases  of  this  make, 
with  their  heavy  coating  of  fur  virtually  waterproof,  were  very  highly 
pri/cd.''t 

"  The  bow-makers  of  both  the  JIupa  and  Klamath  tril>ec,"  says  Bay, 
"are  specialists,  and  the  trswle  ia  now  <^(mAned  to  a  very  few  old  men. 
I  have  here  seen  no  man  under  40  years  of  age  that  could  make  a  bow 
or  an  arrow,  and  only  one  old  man  who  could  make  a  stone  arrow-heatl. 

"  To  make  a  bow,  the  wood  of  a  yew  sapling  2ji  Ut  3  inches  in  diam- 
eter is  selected  and  rough-hewn  t<>  shape,  the  heart  side  inward  and  the 
bai;k  carefully  smoothed  to  the  form  of  the  bai-k  of  the  bow.  The  sinew 
is  laid  on  while  the  wood  is  green  and  held  in  place  until  dry  by  means 
of  a  twine  wrapping.  In  this  condition  it  is  hung  in  the  sweat  house 
until  the  woo<l  is  thoroughly  seastnied,  when  it  is  finished  and  stniu^, 
and  in  some  cases  the  back  is  varnished  and  painted.  The  most  deli- 
cate part  of  the  operation  is  to  get  the  proper  tension  on  the  sinew 
backing.  If  too  tight  the  wood  crimps  or  splinters  when  the  bow  is 
strung,  and  a  lack  of  proper  tension  leaves  the  bow  weak  and  worth- 
less. When  the  bow  is  seasoned  it  has  a  reverse  curve  of  about  3 
inches. 

"The  sinew  for  the  backing  and  bow-string  is  taken  A-om  the  back 
and  the  hind  leg  of  the  deer  at  the  time  of  killing,  and  drieil  for  future 
use.  When  required  it  is  soaked  until  pliable,  strip|)ed  into  line  shre<ls 
and  laid  on  by  commencing  at  each  end  and  termiimting  at  the  center 
of  the  bow.  The  sinew  is  slightly  twisted  and  dried  before  it  is  plaetnl 
on  the  bow. 

"The  glue  used  to  fix  the  backing  is  obtained  by  boiling  the  gland 
of  the  lower  Jaw  and  the  nose  of  the  sturgeon.  This  is  dried  in  balls 
and  preserved  tor  use,  and  is  prepared  by  simply  dipping  it  in  warm 
water  and  rubbing  it  on  the  wood. 

"The  arrow  shafts  are  usually  made  from  the  wood  of  the  wild  cur- 
rant, and  are  worketl  to  shaiie  with  a  knife  and  tried  by  the  eye.  After 
roughing  they  aie  allowed  to  season  and  are  then  finished.  Any  curves 
are  taken  out  with  a  straightener,  made  of  a  )iiece  of  hard  woo<1,  spindle 
shaped  and  perforated  in  the  middle.  The  arrow-heads  used  in  war 
and  for  big  game  are  usually  made  IVom  fiint  and  obsidian,  and  more 
recently  of  iron  and  steel.  The  flakes  for  the  stone  heads  are  knoi-ked 
off  by  means  of  a  pitching  tool  of  a  deer  antler.  The  stone  heads  are 
made  with  a  chip[)er  comjiosed  of  a  crooked  handle,  to  which  is  lashed 

'Maximilinn,  Trarele,  London,  1K13,  p.  195,  mentioDQ  that  Che  Sioux  liawa  are 
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a  short  piece  of  antler  precisely  KimiiRr  to  tbose  wbich  I  collected  at 
Point  Barrow.  The  work  is  held  in  tlie  left  hand  on  a  pad  and  Daked 
oft'  by  pressure  with  a  tool  in  the  right  band  in  exactly  tUt)  samu  man- 
ner as  I  found  the  Innnits  doing  in  noithern  Alaska. 

"The  bows  made  by  these  people  are  effective  for  ^me  up  to  50  or 
75  yards,  and  would  infiiL-t  a  serions  wound  at  ](»>  yards.  At  'lO  yards 
the  arrows  will  penetrate  a  deer  from  5  to  10  inches.  I  never  heard  of 
one  passing  entirely  through  a  deer.* 

"GellH  Kays  that  "  bows  and  arrows  are  use<l  at  present  by  the  Twaoa 
iu  Washington  state  only  an  playtbing.s,  and  are  very  poor;  but  form- 
erly they  were  very  (common.  The  bows  were  about  3  feet  long,  and 
were  made  of  yew  wood,  the  strings  of  sinews  or  the  intestines  of  rac- 
coons. The  arrows  were  about  2J  feet  long,  were  made  of  cedar,  with 
feathered  shafts,  and  points  of  st^^me,  and  of  nails,  after  they  obtained 
them;  and  the  i]uiver  of  wolf  ttkin.  Arrow-heads  are  sometimes  made 
of  brass  or  iron,  2  or  3  inches  long,  half  an  inch  wide,  and  very  tbiu, 
and  also  of  very  hard  wood,  5  inches  long,  and  round.  Sometimes,  for 
birds,  they  are  made  of  iron-wood,  al)out  a  inches  long,  with  two  prongs, 
one  of  them  being  half  an  inch  shorter  than  the  other.'H 

According  to  Capt.  Wilkes  the  Klamet  bows  and  arrows  ai-e  made 
the  flrat  of  yew  about  3  feet  long,  flat,  Ij  to  2  inches  wide,  backed  with 
sinew  and  painted.  The  arrows  are  over  30  niches  long,  some  of  close- 
grained  wood,  a  species  of  Spiraea,  others  of  reed.  Feathers  are  5  to  8 
inches  long.  The  barbed  hetid  of  obsidian  is  inserted  in  a  fure  shaft  3 
to  5  inches  long.  This  is  left  in  the  wound.  Shallow  hh>od  channels 
are  sometimes  cut  in  the  shaft.  The  bow  in  held  liori7,on tally,  braced 
by  the  thumb  of  the  left  hand  and  drawn  by  the  thumb  and  three  fin- 
gers of  right  hand.  The  chest  is  thrown  buck  and  the  right  leg  tor- 
ward  in  shooting.    Quivers  are  of  deer,  raccoon,  or  wild-cat  skrns.f 

The  Clallam  bows  were  short  and  small,  made  of  yew.  The  arrows 
were  small  and  pointed  with  bone  or  iron. 5  The  Clallams  are  one  of 
the  Salishan  tribes  from  whom  Wilkes  gathered  many  bows  and 
arrows,  now  in  the  ^National  Museum.  The  arrow  shafts  ai-e  of  cedar, 
and  have  a  large,  bulbous  nock,  wrapped  with  birch  bark.  Some  of 
them  have  two-barbe<l  points  of  wood,  bone,  or  metal. 

Bows  of  the  Shuahwap  were  formerly  made  chiefly  of  wood  of  the 
juniper  [Jumperun  orcidentalh),  named  poontlp.  They  were  also  souie- 
times  made  of  yew  {Taj-ug  hreHfolia),  named  skiu-ik,  though  this  tree 
is  scarcely  to  be  found  in  the  Shushwap  country.  It  i-s  reported  how- 
ever to  grow  far  up  in  the  North  Thompson  Valley.  The  bow  was  oft«u 
covered  on  its  outer  surface  with  the  skin  of  a  rattlesnake,  which  was 
glncd  on  in  the  same  manner  which  was  customary  among  some  of  the 
tribes  of  the  Great  I'lains.  Arrows  were  made  of  the  wood  of  the  serv- 
ice t>erry.  Arrow-heads  and  spear- heads  were  made  of  various  kinds 
of  atone,  always  chippcd.|| 

•  P.  H.  Kay. 

tK«:v.  M.  KpIIs.  HavdenV  Bull.,  1S77,  S.pp.TX-T-J. 

tt'f.  \VilkeK„Voi-™(iie,  vul.  v.,  p.  23H. 

^  Wilk«H.  .VitrTQ/ftv,  IV.  2!)!). 

I  '■  People  of  BriHsU  Columbia,"    0.  M.  Pftwaou,  p.  17, 
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"Tlie  tijitive  Ik»w  ill  Vancouver's*  irIhiicI  i«  beuiiti fully  Ibnited.  ItU 
peiiiTsiIIy  iiiHile  of  yew  or  cnib-apiile  wood,  and  is  'M  U-et  long,  with 
abont  2  inches  at  t'tuili  end  turued  Hliarply  backward  from  the  string. 
The  string  it)  a])iei-e  of  dried  seal  gut,  deer  t>iiiew,  or  twintetl  bark. 
Tlie  ari'own  about  '20  inclies  long,  and  are  made  of  i>iiie  or  cedai',  tipped 
with  l>  iiiclieit  of  sernited  hone,  or  with  two  unbarred  bone  or  iron 
pronga.  I  have  never  »e«ii  an  Abt  arrow  with  a  barbed  head."  (Sproat's 
.SVefw-s,  p.  82.) 

"Having  now,  to  a  great  ext<'nt,  diwanled  tlie  u«e  of  tlie  traditional 
t4>niiUiawk  and  »i>ear.  Many  of  these  weapons  are,  however,  still  pre- 
served as  lieirlooniM  among  them."     ( Barrett- Leiinardn  Trav.,  p.  42.) 

"No  bowK  and  arniws.  (lenerally  fight  hand  to  hand,  and  not  with 
missih-s."    (Fitz William's  Evidence,  m  Hudson  Bay   Co.,  Ji,-pt,,   1857, 

iir>.)- 

"The  arrows  and  spears  in  Paget  Sound  were  usually  pointed  with 
lM»n«;  the  bows  were  of  yew,  and  though  short,  were  of  great  jwiwer. 
Vancouver  deKcribes  a  suiKtrior  bow  used  at  Pnget  Sound.  It  was 
Jtoiii  '2^  to  3  feet  long,  made  from  a  naturally  curved  pice*  of  yew, 
whose  concave  sidebceanie  the  convex  of  the  bow,  and  to  the  whole 
length  of  this  side  a  strip  of  elastic  hide  or  serpent  skin  was  atttu;hed 
so  tirmly  by  a  kind  of  cement  as  to  become  almost  a  part  of  the  wood. 
Tliis  lining  added  greatly  t4i  t)ie  strength  of  the  bow,  and  was  not  affec- 
ted by  nntisture.  The  bowstring  was  made  of  sinew.''  Vancouver's 
Voff,,  vol.  I,  p.  li.">.l. 

"At  <!ray  Harbor  thy  bows  were  somewhat  more  circular  than  else- 
where."*  (Vancouver's  I'oy.,  vol.  Ii,  p.  84;  Wilkes'a  A'ar.  in  T.  .S'.  Ex- 
phring  Expedilion,  pp.  14,  .Hit;  Kane's  H'flwrf.,  pp.  209,  21(».)t 

Lieut.  Alien,!',  S.  Army,  has  described  tlte  excessive  pains  which  the 
Opper  Itiver  hnlians  bestow  upon  tlie  fashioning  and  caring  for  their 
bows.  There  are  no  first  rate,  t^nigh,  elastic  woods  near  them.  Hirch 
and  willow  and  such  soft  s{>ecies  are  the  only  stock  in  trade.  And  yet, 
by  dint  of  heating  or  t^iasting,  boiling,  greasing,  and  rubbing  down 
tliey  convert  these  iHior  materials  into  excellent  arms.  It  is  here  that 
the  wooded  wrist  guard  or  bridge  is  uttache<l  to  the  grip  on  the  inside. 

The  Hong  Kntcliiu  Indians  (Athapascan  family)  closely  allied  with 
Lieut.  Allen's  people,  make  their  bows  of  wiUow  after  tlie  same  pains- 
taking fashion,  andxheir  arrows  of  pine.  The  bows  are  almost  straight, 
am)  in  order  to  prevent  the  string  from  lacerating  the  wrist  they  do  not 
wear  a  wrist  guard,  hut  lash  a  bit  of  wood  to  the  inside  of  the  grip  (»ee 
Plate  II).  The  Knti-hin  trilies  all  usit  a  similar  bow,  but  do  without  the 
guard.  The  quiver  is  simply  a  bag  of  skin  worn  under  the  lett  arm. 
It  has  two  loops  for  the  bow  and  tlie  arrows  are  inserted  notch  down.t 

"The  arrow-heads  of  the  Kntchin  are  of  bone  for  wild  fowl,  or  bone 
ti|>)H-d  with  iron  for  moose  or  deer;  the  bow  is  about  ii  feet  long,  and 
llmt  of  the  Hong  Kntchin  is  furnished  with  a  small  piece  of  wood  .'i 
inches  long  by  1^  broatl,  and  nearly  2  thick,  which  projects  dose  to  the 
part  grasped  by  the  hand.  This  piece  catches  the  string  and  prevents 
it  from  striking  the  hand,  for  the  bow  is  not  bent  niuih.  There  are  no 
imlividnah)  whose  trade  is  to  make  spears,  bows,  or  arrows." 

-  Si'i-  lt<iiii-r<>l't.  Nalivx  Ka^-fH.voI.  i,  p.  IRs. 

tiVf.  2H-2I.-., 
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"Tlie  Riitctiiii  still  retain  the  bow,  which  is  of  the  same  shape 
through  nil  the  tribes,  with  the  exception  of  the  small  guard  in  the 
Uong-Kutchiii  bow,  mentioned  before.  Tlie  quiver  is  the  same,  and 
worn  under  the  left  arm;  it  is  furnished  with  two  small  loops  to  bold 
the  bow,  thus  leaving  the  hunter  both  hands  free  to  use  his  gun.  The 
arrows  are  ]>laced  in  the  quiver  with  the  not<'h  downwards.  The  Kut- 
chin  are  not  expert  with  the  bow;  no  douht  they  were  better  shots 
before  firearms  were  introdnceil  among  them.  The  bowis  made  of  willow 
and  will  not  send  an  arrow  with  suflicient  force  to  kill  a  deer  more  than 
from  fiOtotiOyaids.    The  arrows  are  made  of  pine."* 

Father  Moriee  says  that  "theoiilypursuit  for  which  our  l>eno  may  be 
said  to  have  been  amply  provided  with  home-made  implements  was 
war  and  its  allied  occupation,  hunting.  The  offensive  weapoas  in  use 
among  them  were  arrows,  gpears,  lances,  and  casae-Me». 

"The  only  really  polished  stone  implement  of  Dene  manufacture 
was  the  eaelh  or  casne  tete.  The  si>ecimen  illustrated  is  of  a  bard  gran- 
ite stone.  A  variety  of  that  weajion,  similar  in  form,  but  more  elon- 
gated (being  at  least  twice  as  long)  was  usually  made  of  cariboo  horn. 

"Apart  from  the  common  arrows,  the  Carriers  made  use  of  two  other 
varieties  of  missiles  of  Sekanais  origin.  The  heads  of  both  kinds  were 
made  from  cariboo  horn.  The  first  of  these,  called  krackacnktraelh  (cut 
arrow)  by  the  Carriers,  was  conical  in  form  and  not  less  than  G  inches 
in  length.  The  broader  extremity  thereof  was  hollowed  out  to  receive 
a  wooden  shaft  which  ser\'ed  to  dart  it  off  from  the  bow  like  a  common 
arrow,  with  this  difference,  however,  tliat  when  in  motion  the  horn  point 
detached  itself  from  the  shaft.  This  projectile  was  demHy,and  intended 
only  tor  use  against  an  enemy  or  for  killing  Imge  game.  To  shoot  smaller 
game,  such  as  grouse,  rabbits,  etc.,  they  had  recourse  to  a  curiously- 
wrought  triple  arrow  head  consisting  of  thi-ee  Hat  pieces  of  bone  or  horn 
triangular  in  shape  and  not  uulike  the  feathers  on  a  sea-otter  arrow. 
These  plates  were  seized  to  the  arrow  shatt  in  several  places  by  sinew 
[lapsing  through  the  plates  and  around  the  wood.  The  manner  of  fast- 
ening to  the  sliaft  was  simihir  to  that  delineated  in  Morice^s  fig.  14," 

The  knives  were  ordinarily  made  of  the  common  arrow-lieiMl  flint,  but 
those  of  beaver  tectb  were  more  esteeme<l. 

■'Their  arrow,  common  arrow  heads,  were  of  two  kinds,  bone  and 
flint.  The  first  were  made  of  the  front  teeth  of  the  beaver,  reduced 
by  scraping  to  the  required  shape.  They  were  rejiuted  the  most  effec- 
tive. Flint  arrow-heads  were  of  different  sizes,  tbrms,  and  material. 
They  are  produced  in  Morice's  paper  for  the  sake  of  comparison  with 
those  use<l  by  the  mou ml- builders  of  Illinois  and  other  Sbites  of  the 
American  Uniou  with  which  they  will  be  found  identical  in  shape  and 
materia],  though  a  distance  of  at  least  2,0(K>  miles  separate  the  Abori- 
gines who  made  them.  He  says  the  '  two  marked  A  and  B  may  be 
described  as  the  typical  arrow-beads  of  the  Western  Denci,  and  are  of 
the  blackish  resonant  flint,  generally  used  in  the  fabrication  of  abori- 
ginal weapons,  C  and  D  are  composetl  of  a  semi -translucent  bluish 
variety  of  siliceous  stone  not  so  common  and  conseiiuently  more  prized 
than  the  ordinary  arrow-flint.  E  represents  the  most  beautiful  of  all 
the  Dene  arniw-heads  in  my  possession.  It  has  been  ingeniously 
chipped  from  a  hiird  cryst^illine  species  of  ilint,  and  its  form  and  finish 
display  evidences  of,  I  should  say,  exceptionally  goo<l  workmanship. 
'''>me  are  also  formed  of  a  whitish  siliceous  pebble;  but  the  points 
'e  therewith  are,  as  a  rule,  of  a  rather  nmgli  description.'" 
•  JoniM,  3.  K.,  IW)6,  p.  324. 

r  ■,:;;.  ..Google 


NOETH  AUBRICAK  BOWS,  AfiROWS,  AND  QUIVEB3.  679 

"  The  regular  buotiiig  or  war  bow  of  the  Tae'keline  was  of  mountain 
muple  (Acer  gtabntm,  Tow)  and  6J  feet  or  more  in  length.  Theedges, 
both  inner  and  outer,  were  Bwoothened  over  so  as  to  permit  of  strips  of 
nu])laited  sinew  being  twisted  aroand  to  insure  therefor  the  necessary 
strength.  These  pieces  of  sinew  were  fastened  on  with  a  glue  obtained 
from  the  sturgeon  soand,  which  also  did  service  for  all  kinds  of  fining 
pnrposes  among  each  of  the  three  tribes,  while  still  in  their  prehistoric 
period.  The  central  part  of  the  bow,  whieh  was  so  thick  as  to  appear 
almoflt  rectangular,  was  finally  covered  with  a  tissue  of  ditt'ereiitly- 
tinged  porcupine  quills. 

•'  (>reat  care'was  taken  to  obtain  a  bow-string  impermeable  to  snow 
and  rniu.  With  this  object  in  view,  delicate  threads  of  sinew  were 
twisted  together  and  afterwards  rubbed  over  with  sturgeon  glae. 
This  first  string  was  then  gradually  strengthened  by  additional  sinew 
threads  twisted  around  the  first  and  main  cord,  each  overlaying  of 
einew  being  thoroughly  saturated  with  glue.  Finally  when  the  string 
hud  attained  a  sufficient  thickness  for  efBcient  service  it  was  repeat- 
edly rubbed  over  with  gum  of  the  black  pine  {Abiea  bahamea). 

"A  less  elat>ora1e  bow  (fig.  31)  is  still  to  this  very  day  in  use  among 
the  Tse'kehne  in  conuectiou  with  the  blunt  arrow  alresuly  mentioned. 
It  is  of  seasoned  willow  (Saliji  longi/olia),  and  being  devoid  of  any 
,  Binew  backing  or  other  strengthening  device,  it«  edges  are  more  angular 
than  those  of  fig.  30.  Its  string  consists  merely  of  a  double  Hue  of 
cariboo  skin  slightly  twistwl  together.  The  si)ecimen  figured  above 
measures  i  feet  10  inches. 

"The  Carrier  bow  was  never  much  more  than  4  feet  in  length,  and 
the  wooden  part  of  it  was  invariably  Jutii  per  (■/.  occidentalis).  In.stead 
of  being  twisted  around  as  in  the  Tse'kehne  bow,  the  threads  of  sinew 
were  glued  on  the  back  alter  the  fashion  of  the  Kskimo  bow,  with  this 
difference,  however,  that  in  the  Carrier  weai>on  the  sinew  was  not 
plaited.  When  a  layer  of  thin  sinew  strips  had  lieen  fasten*^  length- 
wiwe  on  the  entire  back  of  the  bow,  it  was  allowed  to  dry,  after  which 
others  were  successively  added  until  the  desired  strength  had  been 
obtained.  A  process  analogous  to  that  whereby  the  Tse'kehne  bow- 
string was  made  was  followed  iu  cording  the  string  of  the  Carrier  bow."* 

"The  most  powerful  as  well  as  most  artistic  weapon  is  the  bow. 
It  is  made  of  beech  or  spruce  in  three  pieces,  curving  in  opposite 
direction,  and  ingeniously  bound  by  twisted  sinews,  so  as  to  give  the 
greatest  possible  strength.  Arrows,  as  well  as  spears,  lances,  and 
darts,  are  of  white  spmce,  and  pointed  with  bone,  ivory.  Hint,  and 
slate. 

"They  have  two  sorts  of  bows,  arrows  potutetl  with  iron,  flint,  and 
bone,  or  blont  for  birds.     { Simpmn  Nar.,  1Z1.) 

"They  ascended  the  Mackenzie  in  former  times  as  far  as  the  Ram- 
parts to  obtain  flinty  slate  for  lance  and  arrow-points.  (Richardson's 
Jour.,  vol.  I,  p.  213.) 

"One  wea))on  was  a  walrus  t4>oth  fixed  to  the  end  of  a  wiMKlen  staff. 
(Beechey'.s  I'oi/.,  vol.  i,  yi.  3^i.) 

"At  Ooppermiiie  River  arrows  are  p"int«<l  with  slate  or  copper. 
(Hearne's  TraveU,  pp.  lei-lttg.")  t 


^dbyGoogle 


ubjGoOgIc 


ubjGoOgIc 


EXPLANATION    OF    PLATK    XXXVII. 
TiiK  Makiko  and  Miiuntino  <>v  an  Arrciw  point. 

Fio.  I.  Kuockini;  off  chips  from  a  core  uf  obBidian  by  meana  of  the  Btooe  hammer 
and  pitchiug  tool  of  antler ;  one  person  operatjuf;. 

FiQ.  2.  Knoofcing  off  chips  fh>m  a  core  of  obsidian  by  means  of  the  atone  hammfit' 
and  pit«hinj(  tool  of  antler;  two  pereonit  operating. 

Fio.  3.  rrsasiag  off  (lakes  fromii  bladeof  BLliceouBstonobynieatiBof  tbebone  Saker, 
the  operfttot  holdlug  the  blade  against  the  ball  of  the  thumb  and  preaB- 
ing  from  him. 

Fig.  4.  Pressing  off  flakes  from  a  blade  of  siliceous  stone  by  moans  of  a  bone  ftaker, 
the  operator  holding  the  blade  on  the  paliu  of  the  hand  and  pressinK 
downward.  Frei[uentl,v  the  hand  is  gloved  oi'  a  bit  of  rawhide  is  first  laid 
apoD  the  palm. 

Fio.  S.  Pressing  off  flakes  from  a  bit  of  siliceous  stone  b.v  means  of  the  bone  flaker, 
the  operator  holding  the  block  upon  a  bit  of  wood  with  his  left  hand  and 
pressing  ilownward  with  the  right.  Thisisa  very  effectual  mode  of  work- 
ing. 

Flu.  6.  Fastening  the  arrowhead  upon  the  shaft  by  means  of  a  filameut  of  moist 
sinew.  The  shaft  is  held  flrmly  ondec  the  left  arm  for  a  bearing,  held 
and  revolved  by  Ilie  left  band,  and  the  moist  filament  of  sinew  is  held 
tight  and  guided  by  the  eight  hand. 
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KXPLANATION    OF   PLATK    XXXVIII. 
Matkrials  of  thk  Akkow-Makkr. 

Tbis  plate  shuwa  tbe  typical  collection  of  material  as  it  ia  prepared  for  use  by  th« 

Hnpnarrnw-maker  (Athapascan  stock),  northern  Califoniia.    The  same  ontfit  would 

do  for  ftu;  other  craftuniiui  of  this  olaM  throughout  the  temperate  regions  of  North 

America,  oulj-  the  form  of  the  tool  would  he  obanged. 

Fio.  1.  The  hhapt.  A  aimple  twig  or  rod  or  switch  of  auy  miitable  wood.  If  the 
]iith  be  thick,  the  rod  ia  treated  mnch  as  a  reed.  If  it  beiDeager  the  twig 
ma;  be  whittled  KWK^at  certain  parts  to  change  the  form.  Among  certain 
tribes  the  arrow  shafts  are  made  of  sectinue  split  iVom  large  sticks. 

Fi<i.  2.  The  point.  The  material  is  aa  varied  as  stcme  with  conchoidal  f^kctare 
may  be.  Spalls  are  struck  off  and  made  into  iirrowheads  by  a  multitude 
of  pToctMMies  explained  in  the  text. 

l-'iii.  :*.  Sinew  for  seizing.  The  flgnre  sbowa  ita  appearance  us  it  in  dried  and 
saved  up  for  fntnre  oae, 

Fki.  4.  (iuM.  TheexudationsfVom  trees  orglnefVuiulish  oranimalHnbstancesnsed 
to  hold  the  feather  to  the  shaft,  the  head  in  its  place,  or  to  smear  over  tbe 
sinew  seizing  to  give  it  a  smooth  and  homugeneoua  appearance. 

Flu.  5.  Paint  MORTAR.  Thepaiotraortarsof  thsAmerican  abonginesaredisooid*! 
stones  usually,  with  a  shallow  cavity.  In  this  oavitj  ochers  and  other 
paint  substauues  are  ground,  mixed  with  the  grease  of  animals  or  witli 
water,  and  used  in  decorating  both  bows  and  arrows. 

Fid.  6.  FxATtlRtis.  The  plume  is  stripped  olf  with  a  small  portion  uf  the  midrib, 
seized  to  the  shaft,  and  trimmed  in  many  ways. 
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KXPLANAtinpj    OF    PI.ATK    XXXIX. 

TOOI-S    l>K    THK    AhKOW-MaKRR. 

Thta  plate  shona  the  tools  of  tLe  arrow -maknT. 

I^Q.  1.  Shapt  HTRAiaHTaKRR.  The  example  fignmd.  IS  from  the  Hopft  (AtfaKpascati) 
tribe  of  CalifomiB.  It  is  a  piece  of  yew  teo  inches  long,  spindle-shaped 
and  paving  an  oblong  hole  through  the  middle.  The  arrow  shaft  is  drawn 
throagh  the  hole  and  straightened  h;  pressnre  on  the  ends  of  the  tool. 

FiO.  2.  Thb  Glue  sticm,  which  issimply  a  bit  of  wood  hnvingoneend  covered  with 
glne,  Dsed  like  a  tinner's  soldering  iron. 

Fion.  3  and  4.  Ahkowbbad  chippbrs.  Showing  ^he  primitive  metliod  of  joining 
the  working  parts  to  the  handle.  One  point  is  a  bit  of  bone,  the  other  & 
rod  of  soft  iron,  wbicb  in  this  example  replao««  one  of  bone  or  antler. 

FlO.  5.  The  Pitching  tool.  A  column  of  antlemsedlikeacoldchiselinknooking 
off  spalls  or  flakes  or  blades  by  means  of  some  kind  of  hammer. 

Fios.  6  and  7.  Rasping  and  polishing  stones.  All  the  American  tribes  need  coarse 
eaudstone  for  wood  rasps,  and  iu  the  making  of  arrow  sbafbi  cut  grooves  in 
the  rasp  to  give  rotundity  to  the  wood.  The  polishing  was  done  with  finer 
sandstone,  shagreen,  siiiceoiia  grass,  etc. 

Fio.  H.  Gi.uE  SHSLL,  An  implement  made  of  muscle  shell  worn  over  the  finger  and 
employed  in  smootbing  down  glue  and  ainew  on  bows  and  arrows. 

FiQ.  9.  8aw,  In  this  example  an  old  case  knife  blade,  hockod  on  the  edge.  In 
primitive  times  wood  eaws  were  made  of  chipped  siliceous  stone. 
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EXPLANATION    OF    PLATE    XL. 

TiiR  Parts  or  an  Arriiw. 

The  diBBected  arrow  is  Hhowii  in  Hacb  rftsliion  tliat  tlie  pnrta  o(  a  highly  complex 
example  may  be  unilertitooit. 

A  coMPLBTR  ARROW.     Foresbafted  type,  foand  amoiig  the  tril>es  of  Oregon  and 
Dorthem  California. 

The  ideas  made  apeoially  proiiiinent  nre : 
FlO.  1.  The  method  of  iuBerting  the  foreBhaft  into  the  end  of  the  shaft. 
FiO.  2.  The  attachment  of  the  head  to  the  barb  piece  by  diagonal  laBhing  of  HiDew 
and  the  uuioii  of  the  alone  bead  with  the  barb  piece  of  bonn  attacUetl  tii 
the  foreshaft. 
Fir.  3.  The  laying  on  of  the  feathering  in  one  example  having  what  is  called  the 

" rifling"  of  tbe  arrow. 
Fiii,  4.  The  fureahafC  before  the  head  ie  attached,  showing  eBjiecially  the  nent  man- 
ner of  its  union  with  tbe  shaft. 
Via.  5,  The  painted  banils  or  ribands  of  the  ahafttucnt,  called  by  a  variety  of  names. 
Fic.  6.  Tbe  relation  of  the  nock  to  the  pithy  wood  of  theabuft. 
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EXPLANATIOX    OF   PLATE    XLI 
Arrows  of  Soitthbrn  California  ani>  Arizona. 

FlO.  1.  SUAFT  of  reed.  Foresfaafl,  h  rod  o(  bard  wood  iuMiied  iato  (.b«  eud  ot  th« 
•baft,  which  is  tftpered  down  aod  seized  with  sioew.  Head,  of  jasper 
inserted  into  a  deep  not«b  io  ttie  end  of  theforesbaftaodheld  in  place  b; 
diagonal  lasbiii((R  of  liDew  and  mesqnito  gam.  Featbers,  three,  seicod  at 
the  end*  with  sinew.     Shaft,  2Si  inches;  foreiibaft,  7^  inches. 

f.H.  No.  IITKI.  Ct.  S.  N.  U.    Uoki  Indiu-,  AriioDi.    (ioltecled  liy  Bucua  cT  Elh- 
nolocj. 
KoTB. — The  Hoki  Indians  are  uf  Sfaoshonean  sl4>ck.  live  in  pueblos,  aud  use  the 

Mohave  type  of  arrows. 

FlO.  2.  Hhatt,  uf  reed.  Foreshaft,  a  rod  of  hard  wood  inserted  into  the  end  of  the 
sbaftand  seized  with  sinew,  Hea<l of  chalcedony,  triangular,  insert«d  into 
a  "saw  cat"  at  the  end  of  the  fore«hafl,  and  beldio  placeby  tueeqnit  gum 
laid  on  so  a«  to  foru  an  unbrulcen  sarface  between  the  fomhaft  and  the 
haad.  TheeodoftbeforeehaftiaseinKl  withiioew.  Sbaftnient ornamented 
with  a  hand  of  red  and  a  spiral  band  in  black.  Nock,  cylindrical.  Xotch, 
U-shaped.     Feathers,  tbrec,  eeized   with   nntwiste*!    sinew.     Length,  37 

Cm.  So.  inM,  D.  S.  N    U      Mohnvo  lndlHi>.  mnllitni  OlifoniiK.      Collfotol  bj 
Edwanl  Fibuor 
Note.— To  the  right  of  this  eiample  is  shown  *a  shorter  type  of  feathering  and 
ornamented  shaftmeot  by  the  same  tribe. 

PiR.  3.  Shakt,  rod  of  hard  wood.     Head  made  from  a  pieceofanold  lUkirufaciaBOta 
Inserteil  into  the  split  end  of  the  shan.     Feathers,  three,  lashed  at  the 
ends  with  sinew.   Nock  spreading,  and  not«h  a  long  deep  inaision.    Length 
of  arrow,  25  inches. 
Matwve  I  nil  lug. 
NOTK. — This  arrow,  though  aruredited  to  the  Mohave  Indians,  l>elongB  to  a  uinch 
more  northern  type,  and  if  properly  labeled  by  the  iH>lle('tur  showx  the  effect  of  com- 
merce and  migration, 

FlO.  4.  KiiAPT,  a  rod  of  hard  wood.  Rbaftmeiit  daubed  with  bauds  of  red  paint. 
Feathers,  three,  fastened  nt  the  ends  with  sinew.  The  nock  is  cylindrical. 
The  notch,  parallel  sided,  Foresbaft  short,  of  hanl  wood,  inserted  neatly 
into  the  end  of  the  shaft  and  daubed  with  brown  paint.  Head,  of  bottle- 
glass,  inserted  slightly  into  tbe  foreshaft  and  held  in  place  by  a  diagonal 
seizing  of  sinew.    Total  length,  34^  inches. 

Cat,  No.  I28431,  U.  ».  N.  H.  Yiima  loiliiina.  Cullscled  l>>  Col.  Jjiui«Sio>«iiuid. 
Fir>.  5.  Shaft,  of  reeil.  Tbe  sbaftment  in  oroamenteil  with  two  bands  uf  red  paint 
connected  by  longitudinal  stripex.  Feathers,  three,  seized  with  aiaew. 
N'ock,  cylindrical.  Tbe  sides  of  the  notch  are  uiade  parallel  by  cutting 
into  tbe  reed  on  either  side  and  splitting  out  a  little  piece.  Thei>oint*Dd 
foteshaft  of  thin  arruw  are  one,  made  of  a  piece  of  hard  wood  inserted  into 
the  reed 'Sbaft  and  seized  with  sinew,  and  at  tbe  other  extremity  sharpened 
to  a  long  tapering  point.  I.iength  uf  shafc,  2  feet  If  inches ;  foresbaft,  13 
inches. 

Csl.  No.Ttna,  f,  e.  N.  M.    C<>ci>palDdliui>,  UoHoo     L'ullccuidli.r  EUorjrd  Pa'juer. 
Fiti.  I>.  (tUAFT.  of  reed.     Foresbaft,  square  bit  of  mesquite  wood  inserted  into  tbe 
end  of  tbe  shaft  andseized  with  sinew.     Feathers,  three,  lashed  with  sinew 
at  tbe  ends      "<--"-  -   t  ornamented  with  a  band  of  rod.     This  specimen 
is  nidely  i  degenerate  art.     Length  of  shaft,  28  inches; 

foreabaft, 

C«t.  N  iqals  luiHuir-     Oolloctirt  by  Ea»u4PabiMr, . 
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EXPLANATION    OF    PLATE    XLII. 

'   THK   PUBBLO   RBOIOK   AMD   ^UTHWESTRRK   IlNtTEH    RTATKH. 

Pio.  1.  ?!haft,  a  ■matl  Bteni  or  twiK,  with  very  shallow  and  liiinoDS  BbafC  Btreaks. 
Featbera,  tbT««,  loo»el;  hold  no  aod  Beixed  at  either  end  with  sinew.  At 
the  edgM  of  th«  Bbaftment  are  bands  of  lirown  anil,  black.  The  nock  is 
Hiigbtly  spreading.  The  notch  is  U-sbnped.  Point,  of  iron,  leaf-Bhaped 
and  BleDder,  tbe  taog  JuMrtedin  auotchat  the  end  of  the  abaft  and  seized 
witb  sinew.  This  arrow,  like  most  of  those  collected  from  tbis  tribe,  ia 
very  coarsely  made.    Total  length  of  shaft,  24)  inches. 

Cat.  No.  TMTB,  n.  S.  N.  U.    Zuni  Indlsna.    CollectHl  by  JaniHSIevoniwii. 

Fin.  2.  Shaft,  of  reed.  Foreshaft,  a  twig,  perhups  of  greasewoud  set  iuto  the 
end  of  the  reed  of  tbe  shaft  and  seized  witb  sinew.  The  stone  bead  is 
sagittate,  let  into  tbe  head  of  tbe  foresbaft,  and  fastened  Aral  with  sinew 
and  then  covered  witb  gum.  Tbe  whole  foresbaft  is  covered  with  dark 
gum.  Feathers,  three,  seized  at  the  ends  witb  sinew  and  trimuied  down 
along  tbe  marginx.  It  is  possible  that  tbeso  reed  arrows  of  tbe  Oraibi 
are  derived  from  the  Mohave  or  Apache  further  sontb.  Length,  shaft,  24 
iuchee;  foresbaft,  12  inches. 

Cat.  1^0'   IIISO,  t;.S,N.U.    Ha|ii<>rMDkl),ueL>laorOnibi,m»Mboiieaii)Ariioda. 

Flu.  3.  Shakt,  of  twig;  shaft  streaks  very  wavy  and  crowded.  In  comparison 
witli  tbe  size  of  tbe  arrow  the  feathers  are  very  wide  and  conspicnons. 
They  are  laid  close  to  tbe  sbaftmeot  and  are  seized  witb  sinew.  The  nock 
is  slightly  expanding.  Notch,  augular;  bead  of  jasper,  small,  inserted 
into  tbe  end  ol  the  hhaft  and  seized  witb  a  diagonal  lashing  of  sinew, 
which  passes  also  once  tranBvereely.  Total  length,  26  inches.  Kspectal 
attention  is  calleil  to  tbe  existence  of  tbe  reed  arrow  (flg.  2)  and  tl,>e  sim- 
ple arrow  in  tbe  same  pueblo. 

Cat.  No.  I2S»4,  V.  S.  N.  M.     Hopl  or  Uuki  In<liiD>.  AriiuDa.     L'alleolMl  by  H^. 
J.  W,  Powell, 

Fin.  4,  Sbapt,  a  single  rod  bluntly  pointed  at  the  bead  and  seized  witb  sinew. 
Feathers,  three,  neatly  seized  with  sinew  at  tbe  fore  end  and  by  seven 
narrow  bands  of  sinew  behind.  Tbe  feathers  are  far  IVoni  the  nock,  which 
is  also  hound  with  sinew.  TblH  type  of  feathering  is  Tare  in  America. 
Length,  30  inches. 

Cat.  No.  I<»5n.  U.  S.  N    M      PItna  Iwliau*,  Salado  Talie,v,  Ariunt.    CoUeelcd 
by  F,  Webb  Uudge 

Fio.  ti,  Tbis  urrnw  is  similar  to  that  shown  in  lig.  4,  but  differing  from  it  in  having 
a  small  st«ne  bead  wrapped  crosswise,  in  having  tbe  feathers  nearer  ibe 
nock,  and  in  the  oraissiun  of  thn  inlervitning  wrappingn  of  sinew  on  the 

feather. 

Cat.  No,  7Wril.  U.  ».  N,  M.    I'loio  lu.liauH.    I!..llwu<l  by  l>r.  KiIwhiiI  Palmar. 
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EXPLANATION    OF    PLATE    XLIII. 

Arrowx  of  Apacre  Tribes.  SovTiiirKSTiiRN  I'sitkp  Statbs. 

Fin.  I.  The  sbkft  U  of  Mier,  irtth  shmfl  streaks  Dekrlv  sUaight.  Shaftmeal  taper- 
ing barkwMtls  and  baodsd  vith  rtd  and  fxv*a  paint.  Nock,  swallow-tail 
shaped.  Featbata,  thrrc,  seized  at  their  ends  viih  Hinew  and  extending 
off  from  the  shnfl  at  the  middle.  The  froni  part  of  the  feathering  is  orna- 
mented with  tufh  (if  down.  The  delicate  blade  of  iron  fonning  the  head 
iaJMirtii  i»>a  *  "f w  <mt"  iw  theead  af  the  abaft  and  setiedwith  sinew. 
Total  l«Bgth.  251  incbe*. 

t-iitMa.«>H.r.S.X.ll.    i'ouBcbr Iwliaah or Teiu.    "  "     -    ".  " '. 

r.  S.  Am.i. 

Flu.  3.  SOAFT.  of  reed.  The  shaftmeDt  is  onuuvenled  with  bands  of  red  and  black. 
FnatheTB.  three.  Miied  with  sinew.  Notch.  paisUel -sided.  The  foreahaft, 
of  bard  wood,  fits  into  the  end  vf  the  reed  abaft  and  is  aeued  with  ainew. 
It  ia  daubed  with  brown  paint.  Head,  of  jaapcr.  iDcaned  at  the  baee  and 
nolcbed  on  the  sidee.  Il  is  inserted  into  the  end  of  the  foresbaft  and  fast- 
ened by  a  tlia^nal  seiiinfc  of  sinew  and  farther  Mvnred  by  meaqnitr  gnm. 
Total  lengtb  of  shaft.  37|  incbee. 

Cm.  N*.UI)l  r.  !i.  y.  M.    .^inkrlH- IkIubv  "C.XTiuai.    i-uHrrtt^  bv  Ik-.  E^wwH 
Pitlnrr. 

Flo,  3.  Shan't,  of  rboa,  painted  red.  Fcalhera.  Ihrw.  viird  with  stBrw.  nianding 
olf  fnm  (be  sbaftaneni.  The  nork  is  cylindrical  aad  the  notrb  i*  rc«tan- 
gnlar.  He*d.  of  old  hoop  iron,  inacnnl  in  a  mitrii  in  tbe  rod  of  tbe  shaft 
and  seiied  with  »inew.  This  gpecimrn  i»  very  n>D|:hly  nudr.  Tfc»  total 
len|;tb  of  Uie  »haA  is  £  incheis. 

(il.  X.,;*sir  r.  S,  X.  M      Jlp-W  IsJiiBf.     O'-'.nr^  Wj  lir  J  B-Whii*^.  U.S. 

Fte.  4.  ^^HATT.  of  hard  wood.  Iron  bead  let  in  at  tbe  red  of  ibr  abaft.  Feaihets, 
three,  ^iied  with  sinew.  Shift  pxiuml  blae.  .■•hAitiDFat  bo«»d  with 
yellow,  blue,  and  rrd  Mrrakh.     Len^h.  shaft. :;  fm  1  incbea. 

wiT^  *?  i^  r,  c  ?««:.«.  r  ^  ij»> 

nw-  .V  SHA»-t.  offipirt-  Has  three  »i^n  *ti¥ak»,i»o=iMr:y<4nuthta»l^KawaTj 
liae.  Tbe  sbaftawai  is«r^>a«<=i«J  w.ti.  '.uiiil^  <.f  rtd  aad  Wse-  Fealkccs. 
■hrcv.  atlaf  b*d  M  tb»  -.r  cad*  bj  a  *e:i:ne  ol  K=ew  a-_d  ^Ised  ta>  t^  skaft. 
N»«r  the  sejiiES  i*  a  f--Cii  ,-;  a->»5;  itAtic.-s.  irfl  t'-riV  p::rp«a»W  «■>- 
wecial;<w.  N<*<fc.  wi.'.e'.y  spre*.!-  N.>i<i..  »a^-.:»r.  Tbe  bead  it  a  tap»*^ 
■-^  ^;jJmf  !!»».»  p«»r«:.>c  iV"  wii-'i.  w;th  ii»  ia:^;.  »  r^-srrSrJ  ix**  a  "mw 
<::1  ■"  tirH  »ei»ilv  i*;ieJ  »:ii  ket  w.      7.  Ja!  >rcit.  i^  ;:.'iej^ 

!■»,;,  *^  niiiMTVw  is  *i=-.:Ar  tv  No-  >  A.  fx.-^:  :  ;.;  »  1  l^;*  .'c^i.AaHiiEaCM  «  tbe 
ft-.»ci  fi  lie  ji;»:t-     tot*-  ■-»--;■■-  -••  ;=•  i«*- 

bo'W  a  &«e*  Aeifcily  e-j»->  ft-cli  V  =_».■.». 
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EXPLANATION   OF   PLATE    XLIV. 

Arrows  from  various  Tribes  ok  thb  Great  iNTRntoK  Basin. 

Fio.  I.  Shaft,  of  rbns.  Shaftmeot  paioted  with  red  aod  brovrn  pitiot.  Feathers, 
three,  laitt  on  cloao  to  the  ahsftmeut  nail  neatly  aeized.  with  eiuew.  The 
uock  is  cylindrical  and  the  notch  U-ahaped.  Head,  of  chalcedony,  iu- 
Berte<l  into  »  sballuw  notch  at  the  end  of  the  ehaftmeut,  Miied  with  einew, 
and  afterwuTil  cemented  with  meeqiiite  gnm.  This  is  a  beantifnUy  made 
specimen.     Total  length  of  shaft,  27  inches. 

C*t.  Ma.  14SM,  n.  S.  N.  M.    Fiul«  Indtans.    CoUscted  by  U^ar  J.  W.  Powell. 

Fig.  2.  Shaft,  of  hard  wood,  trimmed  down.  Head,  of  hoop  iron,  fastcDed  on  with 
lashing  of  thread.  Feathers,  three,  seized  with  aiaew,  glued  down  and 
trimmed  along  the  margins.  Nook,  a  wallow- tailed,  and  the  feathering 
extenda  beyonil  the  nock.     Length,  shaft,  2  feet  3  inches. 

Cst-No,  131ZM.  C.  S.  N.M.    Sboabonau.    CoUectsd  lif  G.  BrawDGoiHle. 

Fig.  3.  Gamliiingarrowof  the  Apache  Indians.  Shaft,  painted  hine;  three  tolerably 
straight  blood  HtreakH.  Feathers,  tbnie,  seized  with  ainow.  Nock  in  form 
of  swallow's  tail.  Notch,  acnte  angular.  Thepointof  woodia  acoatinno- 
tiou  of  tbo  ahuit,  triangular  in  croaa.aoction.  The  ornamentation  on  the 
point  conaiatH  of  lozenge-ehaped  cavities  and  furrows  filled  with  red  and 
blue  paint.  In  a  auriea  of  these  arrows  no  two  are  ornamented  exactly 
alike.  Used  in  ilivliiatiun  and  gambling.  Mr.  Frank  H.  Cuabingoonnecta 
the  divioatiou  by  throwing  a  bnnch  of  these  arrows  with  the  position  of 
the  arrowa  in  the  Aaayriau  cuneiform  inaeriptiona. 

Cal.  No.  732e0. 1'.  S.  X.  M.    Apwhe  Imllnna.    CuilKted  by  G.  U.  Lel|tb. 

Fiii.  4.  A  rudo  nnliniahed  arrow  with  shaft  nnslraightened.    Three  feathers  loveely 
attacbeil  to  the  shaft  with  ainew,  the  whole  showing  the  degeneration  of 
the  art  of  arrow-making  in  ceremonial  uaagea. 
c«.  xo.  use,  u.  s.  s.  M. 

Fid.  5.  Khaft,  of  rhua.  Feathera,  three,  aeized  with  sinew.  Noek,  cylindrical; 
notch,  angular.     Tboro  is  no  head.     Length,  23)  inchea. 

C«t.  No,  MatT,  r,  S.  X.  M.    Bunnock  Indius.  IdAho.    CoUecled  by  W.  H.  DsnllMn. 

Fl<i.  6.  Shaft,  of  osier.  BIihhI  streaks,  slightly  wavy.  Feathera,  three,  eeized  with 
sinew.  It  Ih  difflcnlt  to  say  whether  they  were  formerly  gined  to  tbesbafl- 
uiontorniit.  Sb a ftmnnt,  cylindrical.  Notch,  angular.  Head  of  iron  in- 
Bcrted  into  the  cud  of  the  shaft  and  aeized.  with  ainew.  In  other  apeci- 
mona  f>om  the  same  tribe  stone  lipada  are  found  fastened  on  with  a  diagonal 
laahing  ofeinow.     Total  length,  26  inches. 

Cm.  No.  WtS,  U.  ;s.  N.  U.    Snikn  ladiu*.  Idabo.    Coltwted  by  l>r.  C.  MaSM. 
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EXPLANATION    OF    PLATE    X L V . 

AttMitns  <>»--  Cadimiah  Tubes.  Texas  a.vo  nokthwakd. 

Pill.  I.  A  siiapl*  rod  or  twig  ftata  which  the  srmw  thaft  ia  uAde.  It  was  coUeetH 
ttnm  ODe  of  th«  Imiian  tribes  in  the  bnffalo-hiuiting  rcgiona,  aMd  Bi^t 
harr  been  the  ^ronndwork  of  any  af  the  arrows  apoa  this  and  Ibe  ^e- 
rediug  plate. 

Fit-.  3.  TiiB  siiArr  of  ifaifl  airow  i^  a  twig  or  ouer:  the  sbafl  sitvaka  two.  atiwgU. 
The  shultnirDt  is  bandrd  with  bine.  p«en,  rod.  and  jellav.  Fralhrci 
thne.  laid  on  l)at  and  wind  with  sinew  at  the  end*.  Tin  i  iljiii  ill  ■hilii. 
M>  •«  Id  !;iie  the  arrowg  a  neat  appearanrc.  The  nark  ia  apt^adug; 
nut<'h.  an^ilar.  Head.  Ipar-sha)>ed.  of  houp  inio.  inserted  intsa  dee|mo4ch 
•t  the  end  at  ihr  ^han  and  ariied  with  sinew.     Total  IcBfrth  of  ahnfl.  37) 

TM.  \x  MCI   r.s.>.MI.    T.<BLxn  IWiu*.  TruL     1'  H  1 1   1 1 ,    T     M  ininij 

Fill.  S.  Sii  tPl.  a  ^^ndi-r  ml  nf  hard  wood.  Foatber*.  thn<e.  held  ia  ^laee  bv  aoi- 
ini;  wnh  M1H-W  and  tnnimrd  sinii;ht  un  lfaml|^  Xorfc  em— ding  awd 
M<K>d  stre>ak»  »>lnii:bt  and  cecie.     Leninh.  ^  feet  1  iafh. 

Fl<..  t.  SHx)-T.«t  tla^llw.•.•.l:b1^x:lrt  ;iii»lbeeiHli>f  ibrhhaAaitdtM^nndwi^kMarw. 
reailirr&.  three.  )<mfi.   ami  i:!nral  u.'KD  aiKJ   ^ired   raanMblx  al  ibe  eada 

•  !lhs:tir».  S.kL,  ti^ti-lj.;:,  Sbafi  ^tpeak*.  Itrt*  :b  nnitbnr.  dery  aMd 
Nir.onnii.     l^miTi.  «f  sl.aiY.  2  f«-t  1  -.o'-h. 

..1   \i.  I.v-K,  1     sX  y      ri-m-  li.duo..  (j-iu.uo  «.-■*,  N^hra-ti     i  •dteaai 

FlC>.  S.   Siixn.    a   u.-Hnu    i».t;.   w  :ih   ! 

1  .:c<~  i^.n-iiicJ  ^  Bf'  Ti<  >>-TiD  iiarhliil  '..»»..  Tl-r  fr»i.i  ofTbi  KLbAMtmt  ia 
i>n,«rocm-d  «  :;1.  l-r-on;  prei'i.  luiiiu-^  Tl*  >iLi.:Vu>rLi  i  mnmml  awaj  at 
:»  i\irrii..l>  i-.  »1.   }>  avi  ibt  umk  a  ( v  I.u.'.ri.-fc;  LiJK     Tbc  noH-h  i»  U- 
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EXPLANATION    OF    PLATE    XLTII. 

SioVAS  Autowfi,  Kkbrasea  anv  Dakota. 

Fig.  1.  Sbaft.  of  «««-.  The  stiftflaDeiit  in  deoormted  irith  aJtmute  bands  of  red, 
blue,  uid  yellow.  Tbe  •hsftment  i«  eat  aw*;  M  tb«  outer  end  ao  a«  ta 
Iftavp  the  nock  k  itTojecting  cylioder  kod  invr  a  better  ^rip  to  the  fingen 
in  dtncbarfnng  the  arrow.  \ot<^fa,  U-ohaped.  Tbe  head,  a  Blfitda'  blade 
of  iron  let  into  a  '"aaw  cint"  in  the  end  nf  tbenbaft,  thetwvlipa  of  tluscat 
bning  shaved  down  neatly  nn  sk  to  form  no  iupediment  to  tbe  pn^ma  of 
the  arrow.  Thif  is  a  very  ctslical^  and  effei^iFe  weapon.  The  iron  blade 
i«  slightly  barbed  at  the  ba«in.     l^nn^nb  of  Hhaft.  26  incbee. 

CM.  No.  TWIt.  1'.  S.  K.  U.    Slooi  ladio*.  VebrBiAK.    Cnlbvud  by   G*nn* 

FlO.  S.  fiHArr,  of  bard  WMid.  Shaftmnnt  oniatiHait«d  with  yellow  and  red  bande. 
FeatbeTB.  aeiaed  withRinew.  held  onspiTally.and  glDBd  to  tbe  nliafl— «iit- 
Itie  dilBealt  to  say  wbetbnr  this  spiral  arTsngementwaedesigiHid  to  Bake 
the  arrow  spin  thntnfb  the  air.  Anthoritiee  difler  on  this  point,  and  the 
object  of  dtrert  flight  nt  rloHe  TMlge  wonld  lie  more  than  canceled  by  tke 
disadvaataecoCiiiitangliDfcarevolvingarrowheadinthebair  of  tbe  buffalo 
or  deer.  Thenopk  ittbulbons;  not^eh, ani^lar.  Hnad, a diamand^ahaped 
blade  of  sheet  Iron,  inserted  iulo  Ihe  end  of  the  shaft,  and  seiiedwitb  auav. 
Length  of  feathent.  Tj  inches;  total  length  of  shaft.  26  inches. 
f^l.Ko.  13iaU,  r.S.  KM.  CnlWtrd  by  Ur>.  A.  CTaRbwin. 
Fig.  3.  fiHAFT.ofbardwooil;  point  of  iron,  1on([triangle,iniieTt«d  into  theeaircatin 
the  head  and  seized  with  oinew.  Fnntheni.  three,  glnnd  on,  seiiad  at  tbe 
ends  with  sinew  and  trimmed  down.  The  sbafCment  is  ornamented  with 
ablneband.  Thennr^k  ixtish-tailpattKni.  Sbafrstmakssinuons.  OUuv 
arrows  ftnm  this  same  tribe  have  different  colored  bands  in 
Length  «f  shaft.  2  teei  !<  incbes. 


Fig.  4.  Blood  streaks,  f|iiit/>»tr«i(tht,  Fealhcni.  three,  clneil  to  the  shaft,  and  w 
with  sinew.  Tho  stripx  nf -inow  wiih  whif^h  the  Rioni  Indians  lash  I 
fentfaerinfCi'  are  mii.-li  hrominr  llisn  thrvu-  iiBe<l  l)y  the  West  Coast  II 
and  \Tir\  oO«n  are  lsi<i  ">i  lik"  sii  op»n  spiral  or  coil.  The  feathers  axe 
nhom,  N'ock.sprenilliik: :  notoli,  bIihIIxw.  I1es<l,  diamond-shaped,  tbemar- 
Slns  of  the  Innor  bxli  hftiiK  IH-^'I  l'^"  n  -««.  The  head  is  inserted  in  tbe 
en.l  of  the  shsfl  sli.l  ■ei7P.l  with  -iiio'v'.  Totsl  i-ngtb  of  shaft,  £  iBchei- 
(■•l.Ni.  mx.  V   !>  ^    tt      m.n"  ln.lli.i.«  lViilM*lti..    rollwUid  by  Paul B«A- 

Fifi.  r.,  Kxample  of  wrrow.  n-nm  llie  s,nl■^  in.liiKi-  1i\  ilie  V.  S.  Weather  BnrMa. 
This  larcr  mitiibei  ol  himh'r  |ir..mi».'mni-il\  i-«lhen>il  ailonlH  an  eseeDent 
opjfrtTt.iinily  liir  Hiiiihluu  llii>  liii.>-  wiMiln  wliic-h  tlii>  bands  and  tribes  of 
the  same  fun>il,\  vm-  H"ili  hhiiwh  Tlir'  Mmfhi  nre  nil  slender,  made  of 
hani  woo.!.     M.mi..  I.«^.  -li.-ll ■.!-■  ..iliep*  none.     Thc'v  vary  also  in  tbe 

or   HK'*f       The»e  nrl'invn  .liH.-i  ntm.  In  ihi' li'iii^lli  nniI  form  of  the  pointa, 
in  the  Inntftli,   sMs.-hwiil    n.i.l  i-  «!' 1h.' fenther,  Imt  all  barr 

the  vfdi'  nMh-iml  ii"-l.,  "ii.l  tl.N  ■i>sri-itif:.|iiftlity  inSiom 


-in'i.     r»iin.t«d  by  1I.V 

DigmzedbyGoOgle 


SiouAN  Arrows,  Nebraska  and  Dakota. 


■,:c...C(iogIe 


ubjGoOgIc 


ubjGoOgIc 


EXPLANATION    OF   PLATE    XLVIII. 

Akrowh  ov  .vorthkbx  CAuroEiriA  ahd  Okbgox 

Fui.  1.  HllAFT,  Iwautifnlly  «mootbe<l.    Kbaftniciit  pkialed  deep  red.    I 

kIiihI  uii,  uuil  delicately  wized  at  either  end  with  nnew.  T^c  emda  M 
the  feftthentprvjiH^tiil  le<w>tati  iurh  tieyond  the  notch.  TbK  Mwfc  i*  nlm- 
ilricul ;  notch,  U-sluped.  Head,  of  oheidiau,  leaf-shaped,  witb»a<cbe«  acar 
the  liaoe,  let  into  a  notch  at  the  end  of  the  shaft,  seized  with  aiaftr  ami 
traoBimrent  f[]ae.     Total  length  of  ihaft,  31]  inches. 

Cal.No.ffiin.C.S.  X.M.    OreKoD IwlUni.    C<>Unrudb5Li«t.inikH.  r.S.Ss>T. 


Fid.  2.  KiiAKT,  uf  rhus.     flhaftment,  ■tri|)Ml  with  black,  red,  and  browi 

•eiiteil  at  the  end  with  sinew,  standiHK  off  from  the  shaftment,  and  «b«n 
(jaiteclosetotbeniiilrib.  Nock,  cyl  in  dries] ;  notch,  U-shaped.  ForeahafL 
of  banl  woo<l,  paint«d  red,  ahsrTWued,  iiiserl«d  iota  the  end  of  tbe  shaft. 
and  Mizud  with  BiDew.  Head,  an  eitr^inely  delicate  point  of  obaidian. 
triaii|{ular,  inMorled  intii  a,  notch  in  tlio  end  of  tbe  shaft,  and  seized  with 
Hinew  iliaf(otially  laid  dii  tiutcbrs  on  the  nides  i>f  the  arrowhead.  Total 
length  of  shaft,  30  iiirhen. 

Cil.N-.  1&127.  I'.H.>.U.    Nurllit-rn  Olifamii.    CoUecLrd  bf  Wb.  Riirk. 

Piu.  3.  SiiAKT,  a  slender  twig  of  rhiiB,  striped  with  red  and  blneatitsnpper  extrem- 
ity. The  sbarttnent  jh  ornamented  with  zigzag  lines  in  the  same  colors. 
Feathen.  thrne,  glued  to  the  shaftment  sud  Heizedat  either  end  with  sinew. 
Nock,  ryliiidrical; notch,  very  itlight.  Head,  of  ohsidtan,  slender,  sagittate 
ill  form  ;  tho  tang  inwcrleit  in  n  slit  at  the  extremity  of  tbe  shaft  and  seiznl 
with  Hinew.  Tbianhaft  hasabarbof  very  narrow  regnlar  grooves  aroniid 
tbe  upper  extremity,  as  though  produced  by  a  lathe.  This  feature  is  con- 
mon  to  many  California  arrows.    Total  length  of  Bbaft,  29  inches. 

f.'it.  Kd.  12<UI7.  U.  K.  K.  H,    Rnp*  IndUus,  Cdiromis.    CollecUd  bf  Capt  P.  H 

F[u.  4.  Kbapt,  a  rod.  Shaftment,  striped  with  green.  Feathers,  three,  seized  at 
the  ends  with  siuuw  and  laid  flat  on  the  shaftment.  Nock,  cylindricsl; 
notch,  U-sbaped.  Head,  of  gray  cberl,  long,  and  delicately  inserted  in  the 
end  of  tbe  shaft  by  a  seizing  which  passes  around  the  deep  notches  at  tbe 
Rides.  Total  length,  34  incbea.  The  shafts  of  the  California  arrows  are  of 
wild  currant,  rhus,  willow,  and  other  straight  twig-like  stalks. 

Cat.  No.  l:i1lia,  r.  S.  N.  U.     put  Indlus,  Ckllfomia.    CollecUd  by  H.  J.  PoKfJl. 

Fia.  B.  BiiAKT,  arwl;  striped  with  narrow  bands  of  bine  and  red  aod  the  natural 
color  of  tbe  wood.  Feathers,  three,  neatly  shorn,  seized  with  sinew  sod 
glued  fa«t  to  tbe  shaftment.  The  sinew  is  colored  with  a  red  paint 
resonibling  shellac.  Nock,  cylindrical ;  uotcb,  shallow.  Foreabaft,  of  haid 
wood,  painteil  bine,  inserted  in  the  end  of  tbe  shaft  and  seized  with  sinew- 
In  many  of  tbe  California  arrows  the  foreetasfta  have  been  revolved  between 
two  coarse  pieces  of  saudstone,  or  by  means  of  a  file  cat  so  as  to  give  tbe 
appearance  of  being  neatly  seized  with  very  floe  thread.  It  alsocoafen* 
suspicion  of  machinery  on  some  of  these  later  examples.  Tbe  bead  is  of 
jasper,  triangular,  delicate,  tapering,  deeply  notched  on  the  side,  and  beld 
in  place  by  a  djagonn.1  lashing  of  sinew.  Other  epecimene  from  the  bshk 
■iniver  have  heads  of  chalcedony,  tl 
rated.    Total  length,  31  inches. 

cm.  No.  1S8S1T.  r,  3,  N- M-    Hiipali 

Piu.  0,  TbiH  figure  shows  tbe  variety  of  arrc 
Upper  California.  GlasH,  obsidian,  t 
sharpened,  togotbcr  with  others  ii 
ingof  the  various  ways  of  attarbln 
■haft.  /—  I 
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BIPLA5ATIOT   OF  PLATE   ILII. 

•>«  PAiLtnc  ■^T^na.  ret*  CAiTi>^«.'ak  to  Vu 

T»i.  L  Tax  fSAJT  »  hiIbI'  thui  J  up^^nc  m  A*  sairc.  FaM 
lfck(  Mui  wLnJ  w.'Ji  pack  t^im^  Swk.  aSD^iAnip: 
BaaJ.  *  V(  «<'  iCHB  w~».  wrtiiil;  :b  s^b  «nrf  of  ;kt  «&al 
liMf  ■!<  fi>c  th«  pnryw.  ami  iTnuraimf  u:b-«Bl  rum  a 
III  9«B>  -ooisi*-*  -iv  '>iit^  i^-t  b««a  em  inai  ^hih-  >■ 


r^  "Miiit  a  i  -Hi-Qiii-raiin 
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ARB0W3  OF  Pacific  States,  from  Caufornia  to  Washihotow. 
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EXPLANATION   OF   PLATE   L. 

AttROWH  OP  TBIBKS   AKOUT  FUQItT   SOCND,  WaSHIVOTOK,  AKn  BlUTIHH  COLUMBIA. 

Fii>.  1.  Shaft,  of  c«diir.     Nofealhere.     Heul,  a,  triangnlkr  piece  of  hoop  iroa  iDserted 
into  the  end  of  the  ebaft  and  teized  nitb  twiKted  Biuew.    The  ihaft  is 
omanientoil  with  a  spiral  band  of  blaclc.     Length  of  shaft,  32^  inches. 
<;>t,  Mo.  «M,  1'.  S.  N.  H.    Uakih  IniUani.  Cat"  FUtur.v.      CoLlorlMl  bj  J.  O. 
Swu. 
Pill.  2.  Shavt,  of  spnice.     Head,  of  iroD,iiutertediiitospliteDd  of  thesliaft.    Seised 
with  sinew  cord.     Feathers,  three,  lashed  oo  with  xinew  thread.     Nock, 
expaadlug.     Length  of  arrow,  30  inches. 

Cut.  So.  KH.  V.  S.  S.  U.    llikah  lodlSM.  C*|w  rUttcrr.    Cull«lnl  by  0(»r(e. 
aibbs. 
Fio.  3.  Shaft,  (if  cedar,  tapering  both  ways  from  the  middle.     Seized  at  the  front 
nnd  with  birch  bark.     Into  this  end  is  driven  one  or  more  horlied  point*, 
of  brass  or  iron  wire,  ponnded  flat  at  the  point.     One  or  two  borbe  Died 
.    npon  the  edges.     Feathers,  two,  laid  on  flat  and  seized  in  plncc  bf  spruce 
or  bircb  bark.    The  nook  expands  grodoally  from  the  feather  to  the  end, 
where  it  is  spread  coospicuoasly.    The  noticeable  features  of  this  arrow 
are  the  fallowing:  First,  the  barbed  metallic  points  taking  the  place  of  the 
ancient  bone  barbs  of  Wilkes's  time ;  second,  the  seizing  by  means  of  nar- 
row ribbons  of  spruce  or  bircb  bark ;  thinl,  the  feathers  laid  on  flat,  after 
the  fashion  of  the  Eskimo;  foorth,  eiaggerated  widening  of  the  butt  of 
tbe  arrow  at  the  nock.     There  are  many  specimens  of  this  typ«>  in  the 
National  Miisenni.     Length :  ehaft,  2  feet  II  inches;  foreshaft,  6^  inches. 
i;it.  No.  72eM.  U.  S.  N.  H.    Uakita  Indiana.  «'ikul>sn  stock,  WuhlngtoD.    Col- 
leot»d  bj-  J.  G.  9w»n- 
Fld.  4.  Similar  to  Hg.  3,  with  difference  in  shape  of  metal  point. 
Fir..  5.  8HA»n',  spindle-flhaped.     Feathers,  two,  laid  flat,  after  tbe  manner  of  the 
Eskimo,  and  seized  with  narrow  strips  of  back.     Nock,  angular,  long;  oma- 
niented  witb  n  wrapping  of  red  flannel,  the  end  of  tbe  feather  being  at 
least  twu  inches  from  tbe  end  of  the  arrow.     It  widens  out  very  rapidly 
toward  tbe  end.     Notch,  angular.     Tbe  point,  a  long  spindle  of  bone  with 
its  Hhallow  barbs  on  one  side  inserted  in  a  cavity  at  the  end  of  the  shaft 
and  neatly  seized  with  bark.     Total  length  of  shaft,  28  inches. 

Cut.  Nd.  T«»5.  r.K.  N.M.    Uiksli  Indlsim,  Wmkuhan  Ktork.    ColWtnl  bf  J.  O. 

Fill.  6.  Shaft,  of  cedar.    Feathers,  three.  10  incheslong,  closely  sbom,  seized  witb 
strips  of  bark  and  a  bird's  f<»ather  nicely  laid  on.     Tbe  shaft  of  tbe  arrow 
is  thickest  in  the  middle  and  tapers  in  both  directions  toward  the  nock 
where  it  is  smallest,  widening  out  toward  the  end.     Nock,  angular.     Two 
points  of  wood  are  fastened  to  tbe  end  of  the  abaft  with  a  neat  eeiilng  of 
bark.     In  this  sample  one  point  is  much  longer  than  in  the  other  and  the 
barbs  are  on  the  outside.     Length,  30  inches. 
Fill.  7.  Shaft,  similar  to  that  of  fig.  6,  but  there  is  aeingle  point  of  bone  with  barbs 
on  one  side.    Feathers,  two,  laid  on  flat  at  their  ends.     Feathering  and 
nock  have  a  separate  seizing  of  bark.     Length,  27  inches. 
Other  samples  in  the  same  quiver  are  quite  similar  in  characteristics,  with  varia- 
tions ill  the  barbH. 
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EXP.LANATION    OV    PLATE    LI. 

ABROWIj  OF   eOUTHKAHTKRK   ALASKA  AMD   WE8TRKN   BKITISU   COLOMBIA. 

Fioe.  I  and  2.  Fonr  eiftmplea  ofTliDKit  Arrowheads,  three  uf  them  with  liarb«d  piccas 
to  which  the  metal  beads  are  riveted.  These  Arrowheads  have  two  fanc- 
tioDB— that  of  retrieving  thegameaud  that  of  parting  eaaily  from  tbonbAft 
and  rankling  in  the  victim  until  it  dies.  These  ahonid  l>e  com|>ared  eare- 
fnll;  with  stone  heads  in  Old  World  specimes  having  very  lonj;  barlts. 

Fic  3.  AH  in  one  piece ;  which  widens  out  into  a  large  cone  to  form  a  head ;  slightlr 
expanding  at  the  nock.  The  notch  is  formed  by  outtiug  off  t)ie  eud  of  the 
arrow  into  an  eipandiug  wedge  and  then  making  a  very  shallow  lucision 
■NM*  tb*  aipk    EBMtad   brown  and  streaked   with   red.     Length,  38 

Car.No.nUI.  U.S.N.M.    Sitka.  AUaka.    (.'oHecUnl  L>]r  J.  J.KMaM. 

Fig.  i.  Shaft,  of  cedar,  tapering  in  two  directions.  The  head  is  formed  of  a  piece 
of  wire  aliarpened  at  one  end  and  driven  into  the  shaft.  The  other  end  i^ 
Hattened  and  filed  to  a  barb  on  one  side.    Similar  to  iig.4,  PI.  i. 

Cal.  Nu.  73M7,  U.  S.  N.  M.    Hudu.  Qiimd  Cbarlolts  Isliuida     Coll«te>t  -ly  J.  a. 

Fig.  5.  Similar  to  tig.  6,  excepting  the  point  is  of  shell. 

Pto.  6.  SitAKT,  of  cedar.  Poreshaft  let  in  with  a  wedge-shaped  dowel.  Head,  a 
thin  sheet  of  bone,  sagittate.  Feathers,  three,  fastened  at  the  Mids  with 
sinew  covered  with  gine.  Nock  somewhat  Hat,  as  iu  the  Eskimo  arrow. 
The  noticeable  features  of  this  arrow  are  the  thin  bead  of  bone,  the  fore- 
shaft,  let  into  the  shaftaud  the  flattening  nock.  Length  of  shaft,  21  inches; 
foresbaft,  6  inches. 

Cat.  No.  WaU.  U.  S,  H.  U.    Bella  Coola  IndianH.  Sallithau  (lock.  B.  C.    Colleclcd  by 
J.  G.  Swan. 

Fig.  7.  I^haft,  of  cedar,  tapering  both  ways  from  the  middle.  Shaftment  painted 
lilack.  Feathers,  three,  seized  at  each  end  with  sinew  and  glued  fast 
t«  the  shaftment.  Nock,  bulbons;  notch,  U-aliaped.  Foresbaft,  of  hard 
woodueatlydowelediutotheendof  the  cedar  shaft,  seized  with  sinew,  and 
painted  black.  The  head  is  a  minutely-barbed  thin  blodeof  iron,  inserted 
into  the  foreshaft  and  seized  with  sinew.  These  are  the  smallest  meul 
arrow-beadsfonndunanyarrowin  the  world.  This  arrow  was  found  iu  Mr. 
Catliu's  collectioD,  after  his  death,  without  tliu  name  of  the  tribe;  but  the 
wooil  and  the  delicate  finish  p»int  to  Oregon  as  its  source.  Total  length, 
32  inches. 

Mot  numlNnd.    Vntuu.    CollscWcI  by  Ur.  Catlm. 
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EXPLANATION    OF    PLATE    LII. 

Barbeu  AMU  Harpoon  Arrows  of  thb  Eskimo  about  thr  Auiskan  Penimscla. 

FlO.  1.  Shaft,  of  cedar,  23^  incb«s  loDg  and  i  inch  thick.  A  strsak  of  red  aroaod 
tbe  middle  aod  either  end.  The  Bbaftment  ia  Bomewhat  flat,  and  oma- 
UMDteil  with  two  uBiTow  BtmnkB  of  red  aod  one  bri);ht  streak  of  blue. 
Feathers,  three,  two  black  and  oue  baoded  brawn  and  whit«;  the  ends 
inserted  into  slits  cat  in  the  abaft  aud  seized  with  einew  poorly  laid  on. 
Tbe  middle  purtious  of  the  featbeia  are  not  glued  to  tbe  arrow.  The  nock 
is  Hat,  in  a  plane  with  tbit  head,  and  is  simply  notched.  The  barb  piece 
of  bone  is  8  Inches  long  and  is  let  into  a  socket  in  end  of  arrow  shaft.  It 
has  a  strong  barb  on  onesiite  at  right  angles  to  tbe  bead.  It  is  ornameDted 
with  deep  longitudinal  furrows.  The  triangular  head  of  bona  i»  k  Sit 
blade  inserted  neatly  in  a  deep  slit  at  tbe  head  at  tbs  barb  piece,  which 
is  smoothed  down  so  as  to  prwoat  n*  tapediroent  to  the  passage  into  tbe 
animal  struck. 

CAt.Na.lXHVr;  TT.&N.U.    AlHk*.    Collected  b>  J.  W.Jobsaoa. 

Fio.  2.  Srapt,  of  spruce,  cylindrical;  coarsely  made;  banded  with  red  paint,  feath- 
ers, three,  seized  with  sinew,  one  of  them  at  the  middle  of  the  flat  side 
and  the  other  two  at  the  ruimd  corners  of  tbe  other  side.  As  usual  with 
the  Eskimo,  tbe  end  of  these  feathers  is  sunk  into  notches  cut  in  the  soft 
wood.  The  nock  is  Hat;  the  notch,  angular.  Tbore  is  a  barb  piece  of 
bone  set  into  tbe  sbafl,  at  the  end,  by  a  cylindrical  t«non,  and  is  aeiEed 
with  sinew.  Blade,  of  iron,  set  int«  tbe  barb  piece  at  right  angles  to  tbe 
plane  of  its  longest  diameter  and  cross  section.  One  barb  in  the  side  of 
the  barb  piece.    Total  length,  28  inches. 

(;nt.  Ho.  I2TSZT.  V.  S.  N.  U.    Eiklmo,  Brlitol  B>>,    Alukii.    Cal1ect«il  bj  J.  W. 
J»hnH>n. 

PlO.  3.  Sha^t,  of  cedar,  cylindrical,  Hhaftment,  flat,  banded  with  blue  stripes. 
Feathers,  three,  seized  with  sinew  tbreail  and  standing oS' quite  adistance 
from  the  shaftment.  Tbe  nock  is  flat;  notch,  angular.  Blade,  of  slate, 
inserted  into  the  eud  of  tbo  barb  piece  of  bone.  The  single  barb  is  !{ 
inches  long  and  is  formed  on  one  side  by  a  narrow  notch.  Two  shallow 
gutt«rB  extend  from  this  barb  to  tbe  end  of  the  shaft.  Tbe  barb  pieoe  is 
fitted  into  the  end  of  the  shaft  by  a  dowel  or  peg  made  of  bone  and  lashed 
with  a  fine  sinuw  thread.  The  blade  is  covered  by  a  cap  made  of  two 
pieces  of  cedar  neatly  cut  for  the  blade  and  tbe  end  of  tbe  barb  pieee  and 
joined  together  with  a  braid  of  sinew.  This  is  a  very  effective  andneatly- 
made  weapon.    Total  length  of  shaft,  30  inches. 

Vs(,  No.«040(.  t  .3.K.U,    Kiulisk.  Alwki.    CaUecIed  bf  Wn.  J.Fiiher. 

Fig.  4.  SuAi^,  of  cedar;  about  half  an  ineb  in  diameter  in  tbe  middle,  tapering 
slightly  forward  to  within  two  inches  of  tbo  end,  where  it  is  cylindrical, 
and  taiiering  backward  gradually  to  the  nock.  Feathers,  three,  laid  on. 
at  ei[ual  distances  apart  and  seized  with  flue  sinew  thread.  The  plame  of 
tbe  feather  is  neatly  cut  into  a  triangular  shape.  The  shafiment  is  painted 
red.  Tbe  nock  is  a  bulb  of  extraordinary  size,  which  gives  the  bnnler  all 
tbe  grip  be  cimld  ask.  Notch,  shallow  and  anf^ular.  Foreshaft,  of  bone, 
let  into  tbe  end  of  the  shaft  by  a  dowel  cut  on  the  eud  of  the  bone.     A  > 


•r  itsfr  Z.//-CwlM«il. 

iHaD  ««oAm  tdng  a  iiXiJ  into  tke  trmmt  ^rf  a^  Oos  aari  | 

The  bead  ia  a  BBall  tnaBK>l«i  piece  of  baar.  Wibad  ■■  ^v  mit: 

at  tbr  ban  to  fura  a  tct;  abort  dowtJ  to  be  iawtuJ  ■ 

in  tbe  •baAoral,  and   perfticMed  ■ 

^ortiD^alr  of  braided  cinew.  vhick.  ■ 

bra^bea.  oar  of  whirb  ii  illi  i  li  i  il  l  ii  Ibi  fiiwl  ifHi  ^ifl  a«ri  t^  ■ 

toward*  (be  ban  cad.     Tbn  a 

WbcB  tbi»  Uiw  u  nnndled  ii 

barb  it  sttorbrd  rvpreapBting  tbe  tail  ud  tW  i^aaidiBg  hafkrcsai^ 

point  attached  to  tbe  kile.     This  line  >■  neatlr  railed  wf  am  sW  aA^ 

tbeeodof  tbefonahafL     Tbe  baibed  bsad  i*  Tbrn  |tT  ta  fila  i      ^k  1 

tacked  ander  tbe  et>\]  a»d  dnwn  ti^i.  bat  >m  bMned.     T^e  ^^ 

•booU  tbe  frame  vith  tliit  amv:  tbe  harbp 

tbe  aaddt*  uavctoeat  of  tbe  • 

tbe  foreahaft  aod  lo<iwa>  tbe  tligbt  batewBg  aT  tbe  catL  vkic^  v  i 

anrvlled,  and  tbe  booe  bead,   being  hearier.  anka  ia  tbe  i 

IW  light  than  Bnpporta  ibe  featbw  above  tbe  ■ 

ratiu  artiug  a*  a  drax  \o  ibe  ksbm  twd  atooai 

to  fvDow.     Total  Irofrth  of  sbaft.  Mi  incbea. 

Cm.  NVI««<^.r  S.\.M.    Kadtik.  AlHta.    (»ba)4  br  V- ■- KML 

Fm.  5.  f^BAn,  of  *pn}<-<,  eyliDdrical.  .SbaflaKai.  ailte«d-  !!■•■  Uacft  i 
eta,  aei»«l  >iTh  Rinrir.  Tbe  D««k  i*  dat:  »— **V.  reetaapvlar.  T^w  bg 
beadi*l«4f->ba|>n).«ithtwo«Dallbwba«BaBeBdea^«Be^  lAw- < 
Tbe  heul   ■■  btlnl  into  the  end  of  tbe  abaft,  vbicb   •■  Maaed  -vni,  k 

tm  >•  HOR  r  S.S.M.    EakjBa  Cwk  • 

I-IC.6    f-Bif^.  of«tin 
•riud  at  oi 

(.*il,>^.rr  l>i.l  <maltbpr«DDdr<>rtienaribe 
n-».\y  tUrtr  ii.nlil  harr  been  anolbrr  fratber  a 
u-x  L  i>  rial :  ilir  notrh  of  ibt  omal  U  Kbape.  Famobalt,  •4'  nAru-  -var- 
vif  M.tl  '  ui  iriiJi  ibn  khapf  "f  a  («n<in  and  JDaened  in  tbeead  id"  tiw  lAK^ 
m^  H-i/^d  *itb  •iiir*  thnrsil.  Tbe  fron i  end  of  tbt»  Aaft  >c  ywrtnnn  . 
ui't  i<.tull.<*  t>  iiwn«l  a  pl'iKof  MiR  wood.  T^e  deJitaar  bead  iiw.  rr  i 
bul*  uM  r.tliff  •kJ'-.  aii'l  ■  perforaiion  throocb  Ibe  bedj  &r  t^lfln^  l 
•.i^'H  ■'fi4.  >li>- 1>  :.lla'  li»  II  to  (hr  -baft.  Tbe  beW  ia  loaMd;  fianc  ins 
<•.*  Iiii>*l.i>tt  b)  ■  '••Ni'al  luue,  Tliin  weapon  t«  ike*  &^a  a  im  a  inu  i 
a-kutt'i  iM  fill!  I  Kniiir.  1'Iie  barlied  head  hr<«^H»  &aacaed  zn  tbt  hlq 
Ki  ■!  v,U.>.i'«>«  n-rcn  III'  liiTi-*-h*tK.  Tbe  iTorr  b(*d  (i^*  n -bbr  thk: 
lai.^.'.y  11  (•ailiiKil  aLari  Ih.'.I.iiik  ill  the  air.  Tbe  "beh  ana  ^  ^  dtw 
..|^^  IL.  ^^....    >i..|  4]~,  nial.li-a   llii>   hnD(>-t   to  follow. 
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KXI'F,ANATIO>-    OK    PLATE    Llll. 

(inmwir  AliHiiHx,  with  I'Lat  t'r.ATnr.ur-  asd  ij>x<.  I*»icxts. 

.  I.  KlUt-r,  (f r ■itriicr  wihhI,  UfwrlDK  Trom  ibc  bflttd  Inrkwvda  «•  ■  pMDt  u 
wllif^h  •  miiigli--  ftwtlisr  U  roMlcDMl  by  s  ■ciiioK  «f  •lac'V.  Tte  p«mt.  </ 
walrii*  tt'iry,  Inar-rl'^  in  u  ajilit  iu  tbr  end  ottitetkatt.  ^td  maiai  intb 
■itiaw.  ( nUnt  u\ir.Kitanu»  at  thew-  dartu  »re  ttnztA  viih  a  Abt  lavUdc  lie 
iif\m\iMtr.     l^-riKlti  of  abaft  aiift  putnl,  19  iDciie& 


I,  HiuM, 'ir|>lni-,  aliiirt  Buil  tliirk.  llnul,  uf  bone,  BpaUlMeasd  npbmd  oa  u 
Ihi'  Hliiift  anil  liel'l  ill  [live  by  ninew.  In  the  Rpccimeiu  ol*  tfaiA  ivpt  mail 
afli-T  I'OUtacl  witli  tlie  wliid-n  tUe  type  or  this  Blulnlate  poiat  basin* 
I'lit  HiTiiHH  tlie  «iid,  iiiUi  wliii'h  a  blnilv  ut  iron  in  inaerted  and  beld  in  pbn 
by  a  nv«t.  TLe  (.-iiDiiectlun  Wtwreii  tbeaa  two  f«niu  abuuld  lie  rqtrrialli 
nolvil,  OH  lb«  iiiun;  reci'iit  could  oat  l>e  exiiluinnl  witboat  comiiarumi  *i>t 
the  aiii-leiit  furui.  I>-n|;tb  (ifabaft,  I  fuut  5^  iDchca;  foraahaft,  5  incka- 
Cal.  No*.  MUM  .'<S.  I'.  H.  N.  U,  KaklnHi  of  Canherlaiid  Calf.  CollecaH  b<  Lad^ 
vig  Ktuulwii. 

:.  similar  Ui  Hi;.  3,  exi-(r[i(  that  tbu  lieud  ib  of  iron. 

I.  gHAKT,  ur  apiiK'H  wood,     lleud,  a  flat  bladu  of  irou,  widenwl  at  iJi'-  |>i>iiit 

noil  iiiiiert«(l  into  tlm  Hplit  end  uf  tbe  Hbaft  aud  held  in  plac«  hj  the  ivb- 

iug  of  baliit-be  vr  rawhido  Htriiif^.     Feathers,  tvo,  laid  oD  flat,  tbeonds  la- 

8vrt«d  into  the  wooil  of  the  ahaft.     Kock,  flat;  aotcb,  large  and  deep. 

Not  aumbrrMl.    »l.  iMMnoKi  liUnil  Bikimo.    ('ol1«t«l  b;  K.  W.  KelHn. 

>,  SiiAi'T,  of  Hpruije  wood.  Hplioed.  owiiij;  to  the  acnrcity  of  material.  T<"i 
feathers,  laid  on  flat  and  seized  witli  aiiiew.  Xock,  Hat;  notch,  angnUl. 
Tbe  point,  a  bit  of  iron  from  a  wtiitlinK  tbip,  flattened  out  and  fa«leiK<d 
iutoaslit  at  theendof  Ihuabaft  by  a  wizing  of  sinew  thread.  lliepviDi 
baslH-en  bammered  and  lileil  roarnel.v  into  cyliudrical  shape.  Total  laagtli 
of  abaft,  IT  inches. 

Cat,  Jiu.  3IW1S,  U.  a.  >-.  M.    C'ullKlal  l>y  W.  A.  UuuMr. 
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KXP  SANATION    OF    PI- ATE    LIT. 

ItlRD    IlllLTS   FKOM    VARII>I'»>    AXF.AN. 

FlO.  1.  Rhaih',  rrllndriral  »nd  0Att«n«(l  toward  the  uoteb.     No  feathen.      Notch, 
with  parallel  altles.     Hpad,  a  Irallet-Bhaped  piece  oC  nnlma  irory,  perfiv 
rat«d  tknd  Atted  on  the  end  of  tbe  abaft.    Total  length  of  abaft,  25  inrhea. 
Notunmbend,  U.aN.U.    SL  Idwi«nc«  Isludn.    Collacted  by  R.W.KslmD. 

FlO.  2.  Tiiit  SHAFT,  crlindrical  and  flattened  toward  the  nock.  Keatbers,  two,  on 
Inner  ends,  Rccurelf  inserted  into  gasbea  on  the  eide  of  the  shaft,  and  tbe 
outer  extremity  seized  with  Hioew,  Notrh,  shallow.  Hend,  nf  l>nD«  or 
antler,  Munt-abnped,  like  a  flower  had,  with  seven  nodes  or  projectiona 
around  tbe  margin.  This  style  of  nrrow  ie  very  common  in  thin  regiOD. 
Tbe  bead  is  foaud  in  a  great  variety  of  shape*,  bat  they  are  all  used  for 
tbe  purpose  of  stnnning  birds  without  drawing  blood.  Total  l^agtb,  37 
inches. 

Cut.  Ko.  «6«at.  U.  S.  N.  H.     Eokimo.  Capa  Darb;.  Aluks.    C<>11«t«d  hy  K.  W. 

FlO.  3.  Shaft,  of  cedar;  25  inches  long;  narrow  streak  of  red  ocfaer  around  at,  upper 
extremity.  Sbaftment,  flat;  feather  end  near  the  nock  without  seizing  j  at 
theotherextremityseizedwith  sinew  thread.  Nock,  flat;  notch,  very  deep. 
The  bead  is  a  cylinder  of  antler,  hollowed  at  the  lower  extremity  Aod 
fitted  into  tho  shaft  with  a  conical  tenon  Rtted  into  a  cavity  of  tbe  same 
shape,  The  head,  at  its  upper  extremity,  is  gashed,  so  as  to  have  four 
pointed  projections. 

CbI.  No.33833,  U.S.N.U.    Kikfmm  of  Putotik.    CollHted  by  E.  W.  Neluin. 

Flo.  4.  Shaft,  a  piece  of  hard  wood,  cat  down  so  as  to  leave  tbe  tip  of  tbe  abaft 
aud  the  nock  wide  spreading.  Feathers,  three,  long,  fastened  to  the  shaft 
1>y  wide  strips  of  sinew.  Xo  ornamentation,  bnt  very  carefully  made- 
Length,  27  inches. 

Cat.  ^'o.  ZSrM.  C.  &  N.  M.    Indiui  of  DeTll'a  Lake.     Colleoled  by  Paul  Ileckwitb. 

Fig.  5.  The  whole  arrow  is  of  a  single  piece,  withont  feathers.  The  head  is  a  double 
pyramid.  The  nock  is  much  expanding;  the  notch,  shallow.  In  the  com- 
panion arrow  to  this  one  the  bead  is  a  doable  cone.  Total  length  of  shaft. 
24^  Inches. 

Cat.  Noa.giiiMandSMe.  V.a.N.M.    SfaoaboBra.    CoUecW  bj-  Ur.Wsien. 
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Bird  Bolts  from  various  Areas. 
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EXPLANATION  OP  PLATE  LV. 
Westehs  Ksicimo  Babbbu  Arrows. 
FiQ.  I.  Taic  hhapt  tupets  both  ways  trttm  the  tniddlH  aud  in  fluttenMl  iit  the  nock. 
pAkthers,  two,  laid  on  Bpirally  find  seized  at  the  end  with  sinew.  Nock, 
flat ;  notch,  U-abaped.  The  blade  of  the  head  is  sagittate,  and  there  are 
two  baiba  on  each  side  of  the  tang,  which  is  inserted  iu  the  end  of  the 
shaft  and  seized  with  sinew.     Length,  29  lnofae«. 

CU.  Ko.  TZreS.  U.  S.  K.  M.  i  sUo  TCTW.    Ooglumie  Eililaio.  PoiDt  Burow.    i:o|. 
leeted  b;  Cspt.  P.  B.  Rs]',  V.  8.  Amy. 

There  is  a  great  variety  of  fomi  in  this  class  of  arrows,  the  design  being  always 
the  same.  In  one  specimen  the  tang  is  cylindrical  and  a  series  of  barbs  is  flled  on 
the  edges  of  the  blade.  In  another  the  tang  is  maile  of  walrus  ivory,  nnd  the  iron 
blade  inserted  into  the  end  of  this  tang  has  barbs  on  the  lower  edges  of  the  blade. 
In  another  specimen  one-half  of  a  pair  of  ecissoTS  is  used  as  a  head.  The  part  in 
front  of  the  hinge,  tiled  with  two  edges,  forms  the  blade,  and  the  part  behind  the 
binge  is  Aled  and  straightened  oot  so  as  to  form  the  tang  and  a  very  efficient  barb. 
This  is  a  remarkable  specimen  of  the  adaptive  geniuj  of  this  people.  In  the  shaping 
and  filing  of  this  scissors  blade  all  of  the  characteristics  and  narlis  of  the  barbed 
arrow  with  a  stnne  head  am  preserved,  except  that  the  metal  is  substituted  for  the 
bone  and  stone. 

Fiii.  2.  Shaft,  of  spruce  wood,  cylindrical.  Shaftment,  grsdaally  flattened  toward 
the  nock.  Peatherti,  two,  extending  off  from  tlie  shaft,  utid  seized  with 
sinew-twisted  thread.  The  nock  is  flattened;  notch,  parallel-sided.  The 
barb,  a  piece  of  antler,  sharpened  at  one  end,  inserted  into  the  end  of  the 
shaft,  and  seized  with  fine  sinew  thread.  The  fonr  barbs  are  on  one  side 
of  the  barb  piece,  and  they  project  f^om  the  shaft,  as  in  a  feather,  and  this 
effect  is  emphasized  by  a  little  fnrrow  just  where  the  barbs  proceed  frou 
the  Bbflft.  The  point,  a  formidable  blade  of  iron,  with  jagged  barbs  at 
the  lower  ejitrBiuities,  inserted  into  a  "saw  cut"  on  the  end  of  the  barb 
piece  and  fastened  with  a  copper  rivet. 

r>t.  >'o.  A  mid  a.  133S1,  U.  S.  N.  U.    Eakimo,  Upper  Yukon.    CoUected  b;  B.  V. 

Pl<i.  S.  Shaft,  of  spnicp,  cylindrical,  flikttened  towards  the  end.  Feathers,  two, 
seized  with  sinew  twine.  Nock,  flat;  notch,  U-shaped.  The  bead  is  in 
two  parts.  The  shank  is  barbed  ou  one  aide,  inserted  into  the  end  of  the 
nhaft,  and  seized  with  twisted  sinew.  The  head  is  sagittate;  the  tang 
inserted  into  a  cat  iu  the  end  of  the  shank  and  seized  with  siuew.  Total 
length  of  shaft,  29j  inches. 

Fig.  i.  Similar  to  fig.  3,  excepting  that  the  head  is  all  of  iron.  The  long  shank  is 
serrated  on  the  edges  and  the  leaf-ebaped  blade  has  also  barbs  near  the 
base.     length,  2&t  inches. 

CU.t!B.«7i,V.S.S.lt.    Uackeoile  River.    CollMted  by  R.  W.  UacFsrUne. 

Fta.  5.  Srakt,  of  sprnce,  cylindrical.  Shaftment,  flat.  Feathers,  two,  seized  at 
the  end  with  twisted  sinew,  standing  off  At>m  the  shaftment.  The  nock 
is  flat  and  seized  with  twisted  sinew;  notch,  U-shaped.  The  head  is  a 
piece  of  sheet  iron  inserted  into  a  cnt  iu  the  end  of  the  shaft  and  seized 
with  twisted  sinew.  Three  abnormally  large  barbs  on  each  side  of  the 
head.     Length,  30  inches. 

Csl.  Ko.  IMS.  V.  B.  M.  U.     Usckemie  River.    CoUsotsd  by  R.  W.  Uac^^if^^  |^ 


BzpJanatMn  of  Plait  L  F— CoDtiniiad. 

Pu.  C.  .Shaft  nt  itprnce.  The  b««l  is  of  st«el  or  iron.  Od  each  aide  at  Um  head 
ai¥  Kix  ab*rp  barbn  pat  id  with  a  file,  ami  a  portina  of  tb«  long  tAAg  piw- 
ImdiDg  from  the  Bbkft  H  alao  aemted.  The  bead  la  >}»lit.  tbe  tu^ 
dnven  in  and  held  in  place  by  a  lasbing  af  ainev  twine.  Feall>«ra,  tcji. 
wited  at  the  eod  by  narrow  bwidB  of  siiiew  rnrd  and  utanJiaig  oO'  fra^ 
the  iliart.  This  tjpe  of  arrow  is  «ri<]eiitly  the  dinrt  deseesdant  «r  tb' 
aborJKiiial  form,  in  which  the  head  coiuuBtB  of  a  barbed  piece  and  Ib^ 
blaile.  ThMie  marderuna  heads  of  iron  exut  in  j^eM  vkrtety  over  thr 
Msrkfiizie  regiou  anil  have  evidently  lieen  procured  by  tbe  Eakinto  fre^ 
Ibf  Hiidanu  Bay  Company.  A  colleclion  of  them  u  a  vray  intcm^tiiif 
■tody  III  tbe  Tanationol  the  arrowhead,  length  of  ahafl.  'i  lect:  rorp- 
Hbafl.  ■">  inches. 

NoTK.— K|M>ciiiii-ii«  evist  iu  the  National  Mnacnm  ni  which  the  iron  blailc  » 
attnchni  (o  llie  Imui!  Itarbed  piece  thim,  anil  .lliui  epccimens  in  wbich  tbe  blade  ts  of 
bone-    Tbii»  connection  between  thu  three  type*  u  establiahed. 
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WESTERN  Eskimo  Barbed  Arrows. 
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EXPLANATION-    OF    PLATE    LVII, 
BuU)  Bolts  or  Nokthwestehv  K^-kiiao 

Tig.  I.  SBAFT.orwotHl.  ami  tbehead.orbonr.  or  ivurr.  or  Millrr.iaM-t  oa  likelht 
in»d  nfa  caae  soil  rouDtln]  Id  aoe  of  the  examples  the  cimI  of  th«  «h*ft 
is  split  M>d  the  bead  it  hrM  in  bj-  »  wedge-shaped  dowel.  Biid  anv«. 
Length,  about  21  iiiPbeB. 

K  St  MKhHb  Ahaka-    CsUbcU^  by  Larin 


Sm  !«:»-«.  US-X 


Sot*.— TbpTp  isi  grrat  rari^tvoribes^  bini  arrows  nsrd  for  tbe  porpoM  of  atnn- 
niDg  water  fowl.  The  abaft  ih  a  simple  Tod  of  different  malerial^  and  lb«  h«ad  U 
bc)d  CHI  JD  various  ways  and  seizeil  with  sinew. 

Fio,  2.  Shaft,  evliDdrical.  ShaRnient.  llatieoM].  Featbers.  three,  belt!  on  with 
iwistMl  sii»-w.  Nock.  Hat :  nutch.  U  shaped.  The  bead  ia  id  the  ceav(«- 
tional  form  of  the  Eskioio  bin)  arronhKads.  fitted  on  lo  the  wedftp-abaped 
eod  of  thr  shaft  and  niieil  with  !>iDew.     Lenptb.  27  mcbes. 

<■«.  Xo.  rrrn.  r  s   s.  m     pu.bi  BntB-.  i-oiwtnd  hr  c»pi.  p.  h.  k«t.  r.  s. 

Klr.s.  .t.  -•.  ^HAFT.  nrnpmcc.  cilindrieal  SbaftmeDl.  flatleneil  at  tbeeod.  F»«tb- 
prs.  three,  seued  with  li[i.il<-<I  siDen.  Xocfc,  Dal:  noloh.  angnUr.  He»"l, 
•if  iroD.  ID  iiuir.ilioii  nf  the  sl^niUnl  Eskimo  birdarrow.  the  bead  i>rvhirfa 
IS  a  elDb-^hapeil  pieco  of  uor>  or  b.ine  miih  nntrbesrnl  id  tbe  eml  •«  => 
to  give  the  shap#  of  a  tiixta  in  <ie<-[lon  Tlii*  is  <lF»i|ftied  to  woand  tbr 
Uird  aod  briuij  bim  .l»trn  without  <bwnlins,'  bi-i  blood. 

Fl<;.  *.   Precisel.r  similar  to  fiy.  3.  esc.  puns  Ibat  ihe  heail  is  of  ir^y.  and  Ibere  are 

•  al    N"  !:■«  r   S.  X    M      E.tn..'    ll^V.^>i><-    K'fr     rotWTrd  bv    R.   M^Far 
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Compound  Eskimo  Arrows,  with  Two  Feathers  or  none  and  Plat  Nocks. 
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EXPLANATION    OK   PLATE    LIX. 

TlIK   DiaSKCTIUM   itV   A    SeA-OTTKK   AKAOW,   C'<KHi'S    Inlkt. 

This  U  tlio  must  i^lsborale  nod  iuj;eDJons  arrow  kouwn,  hdiI  all  of  its  purta,  in 
every  Bpectuen,  are  moBt  delicately  tinisbed.  Such  a  weapon  may  well  liave  1)e«ii 
ased  in  huntiii);  tho  most  contiy  of  fur-bearing  amuialB— the  ott«r. 

Tha  Hliail  is  of  Hpnice,  ^natty  tapering  towarit  (be  ncx^k,  which  is  large  and  bell 
shape.  Into  the  c-od  nf  tbis  sLuft  is  iusorU;*!  a  I'oieHbaft  of  bone,  and  into  tilt)  «tl<t 
of  this  Cite  (be  barb.  Feathers,  thren,  symiuetrically  triuimed  aud  seized  at  both 
ODdH  with  delicately- t<vigt«d  siobw  thread.  The  barbed  head  is  perforated,  and 
through  these  perforations  is  attachetl  a  braided  line  at  least  ten  feet  long.  The 
other  end  of  the  line  is  attached  to  two  points  on  the  shaft  by  a  martingale.  When 
not  iu  use,  the  line  is  coiled  neatly  on  the  shaft  and  the  barb  la  pnt  in  place  lu  the 
forcshaft.  When  the  arrow  is  shot,  tbo  barb  enten  the  Sesh  of  the  otter,  the  loose 
faatening  iu  undone,  the  tine  unrolled,  the  foreshaft  drops  into  the  arrow;  the  shaft 
acts  iw  a  drag  and  the  feathers  as  a  buoy  to  aid  the  hunter  in  tracing  the  auiinal. 
8eefiB.4.,Pl.i.ii. 

Fill.  1.  Arrow  with  line  iiutollod  nhowing  relation  of  parts. 
Fk;.  2.  TheHhaftmeut.     Attention  iedtawu  tii  thedelicuteseii-.ingwithsinew  thread, 

the  natty  triunniag  of  the  feather,  tho  most  efficient  nock. 
Fli:.  3.  The  lines  and  knots.     Notice  is  given  of  the   elegance   of  the  hraid,  the 
efficient  manner  of  "  doing  up"  the  line,  the  peculiar  knot  for  the  mar- 
tingale. 
Flu.  4.  The  arrow  ready  to  ho  shot. 

This  form  of  arrow  with  its  southern  type  of  sinew-backed  bow  is  found  also  uu 
the  Kouiles,  where  these  were  taken  by  Alents,  carried  over  by  the  Rusaians  to  hunt 
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The  Dissection  of  a  sea  Otteb  Arrow,  Cook's  Inlet. 
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KXPLANATION    OV    PLATE    LX. 

AKKDWS    with    SlIIPS,'  ItKTKIKVINQ    ItAKBH,  OR   COMPOUND   PlLX. 

Ftu.  1.  Made  of  jiiue  woud;  tlie  Hbuft,  hi'nd,  anil  i>uiut  cut  out  of  odo  piece. 
FeAtbers,  tbree,  4^  invhcH  luug,  kid  on  flat  iii  the  follonia);  manDer:  The 
three  faatbcTB  were  fimt  attachtil  to  the  butt  of  the  arrow  by  d  coiled 
nroppiug  of  HJiiew,  their  other  oitrcmitiea  pointed  bacliward;  then  they 
-were  doubled  backward  and  the  oiiilit  scizod  wiih  einew.  This  makes 
a  very  secure  faatening  for  the  leather.  The  coiled  wrapping  is  continued 
over  thu  Dock  and  fastuiieil  off  in  tho  iiuteh.  Nuck,  l3at ;  notch,  U-shaped. 
The  head,  bulboua.  The  |>oiut  is  cut  out  of  this  by  wbittlinj;  away  the 
wood  BO  a«  tu  leave  a  loug  projection  like  a  nail  or  apike.  Total  lim^b, 
31)  iucbea. 

Cat.  yo.  Mils,  U.  S.  ».  U.  Kikimo.  UD|!>va.  Collecled  by  L.  M.  Tucmr. 
Fig.  'J-  Vaty  rudely  made.  Shall,  of  spruce.  Sbaltment,  flat.  Feathers,  two,  I&id 
iiti  Hut,  BL-izod  n'itb sinew.  Thonock  is  flat  and  the  notch  angular.  Head, 
ai'ommua  cut  null,  driven  into  tbu  end  of  the  shaft  and  seized  with  sinew. 
At  thu  inner  part  of  this  seiziug  a  piece  of  uail  is  lushed  on  crosswieo  so 
as  to  p^u^'eut  the  arrow  going  more  tliau  two  Inrhea  into  tbo  body  of  the 
the  game.     Total  length'of  shaft,  35  iucbcs. 

cm.  Su.  90138, 1-.  S,  S,  M.    Wbnl.i  Kiver,  niij«>u  Bay.    >  ullwleU  Uy  Lucien  Turner. 

Flii.  '.i.  The  MlAKT,  of  obiur.  There  is  no  fuutbur.  Tbu  nock  is  tightly  seized  with 
HLuewt'ord;  notch,  U-shapcd.  The  peculiarity  of  this  arrow  is  that  the 
point,  of  lion  or  Imju.',  is  lushed  to  tlie  beveled  <u<l  of  ihe  shaft  and  the 
taug  is  jirojected  backwania  iuto  u  biug  barb.  This  arrow  is  used  in 
shuuliug  j>rairiu  [logs.  It  is  suid  that  the  Navahoe  uses  now  a  tittle  hit 
of  mirror  with  which  to  throw  thu  sunlight  iuto  the  eyes  of  the  prairie 
dog  until  be  can  gut  nrar  enough  to  drive  one  of  these  arrows  into  his 
body.  I^pon  the  least  alarm  or  iujury  the  creatures  dive  into  their  holes 
uud  this  arrow  enabl<^s  thu  buuter,  if  Lu  etrikus  ouu  of  them,  to  retrieve 
his  game.  Tho  action  of  tbis  arrow  is  very  similar  to  that  of  thu  vermin 
hook  used  by  the  ITtu  ludiaus.  and  also  to  those  of  the  northwest  coast. 
Total  length  of  shaft,  33  inches  (3:^^  iuches). 

CM.  yv.  12fl740,  C.  S.  X,  M.    Xavabi*  Indinn..    (■f.llHl«i  Lj  Thumiu,  Keau. 

Flo.  4.  Till:  SHAFT  is  of  s]>rui-e  wood,  ornamented  hero  and  there  with  band  of  red 
paint,  cyliudrical.  tjhai'tuient,  flat.  Feathers,  three,  seized  at  their  ends 
with  tivlsted  siuuw  thread.  Due  leiitber  is  iu  tbe  middle  of  one  of  the 
flat  sides;  the  otber  two  feathers  are  at  tlie  round  corners  of  the  other 
side,  llie  flat  nock  flares  a  little  upward,  and  the  notch  is  angular. 
This  IS  a  bident  or  doiibli'-[ioit]tud  arrow,  having  two  barbs  of  bone 
inserted  iuto  the  end  of  tbe  sbafC,  so  as  tu  ;;ive  them  u  spread  of  three  - 
fourths  of  an  inch  at  their  jioints,  <ino  of  whii'h  is  a  little  longer  than  tbe 
other.  They  are  held  to  tbe  shaft  by  a  wrapping  of  sinew  cord.  The 
barbs  face  inward.     Total  length  of  shaft,  '26  incbes. 

Cil.Na.7e7U.'>,  L'.S.X.M..  Eskimo,  nrislolBay^  Foit  Aleiuiili;k,  Aluskn.    CoUeclad 
by  J.  W.  JuhoBva. 
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Bxpta»atl«ti  0/  Plate  £Z-<!ciDtiaB«d. 

Fin.  5.  Shaft,  of  apmce,  puDt«d  i«d.  Fe»tboi«,  thne,  ronghl;  «ait«d  irith  siDew. 
Nook,  &»t ;  Dotcb,  U-afattped.  Tb«  three  bkrbB  ot  tbe  tridMit  >re  inserted 
in  the  end  of  the  shaft  so  aa  to  be  ahoat  an  inch  apart  at  tb«  outer  point. 
The  barbs,  of  bone,  are  serrated  on  the  inside.  They  are  held  in  plkce 
by  a  wrapping  of  sinew  cord  at  their  lower  extremities,  a  carious  bntid.  or 
tbe  same  oord  attaching  them  to  tbe  tip  of  the  shaft  and  holding  them  in 
place.     Length  of  abaft,  36  inches. 

Cat.  No.  TS413,  C.  S.  N.  M.     SoDtlHrB  Aluk*.    CoUeoUidbj  ClurtfM  MeKa^. 

Flo.  6.  Shaft,  of  spmce  wood.  The  lower  end  has  been  broken  off.  Tbe  opper 
portion  of  this  weapon  deaerves  especial  study.  A  little  band  of  irorT-, 
Stted  over  the  shaft,  1}  inches  ttoa  tbe  apper  end.  Preaisely  eimilar 
bands  are  frequently  labeled  oruamentA.  Into  the  extremity  of  the  abaft 
is  inserted  a  delioAte  )>oint  of  walrus  ivory,  triangnlar  in  cross  eectton. 
Two  of  the  edges  are  finely  barbed.  Three  larger  barbs,  also  unangnlar  in 
section,  have  their  lower  ends  driven  into  the  shaft  under  the  ivory  band, 
and  the  edges  lie  along  in  grooveseiteoding  totheendof  tbe  shaft.  The 
barbs  of  these  three  points  are  on  tbe  inside.  Just  at  the  end  of  the  shkft 
each  of  theee  outer  barbs  is  perforated,  and  sinew  thread  attaches  them 
liOgether  and  also  to  the  central  barb,  aud  is  also  wrapped  aronnd  the 
bases  of  tbeiie  liarbe  Just  above  the  ivory  band.  Length  of  enter  barbs,  6 
Inrhee. 

Thin  nrniw  re|nHDlB  n  lypo    Cat.  No.  IBM!,  V.  K.  N.  M.     MuniTik  laland.    Cot- 
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KXPI-ANATl 

Plain  Howh  from  thk 

Fill.  1.  Bow,  of  hard  wood,  rudely  whittled  out  of  a  pole,  ehowing  bark  aod  knots 
on  the  back.  Length,  i  feet  6  iocbee.  Notice  that  bowi  equally  mde  are 
fonnd  at  Tierra  del  Fnego, 

Cmt.  Ko.  l»;^  r.  S.  S.  M.    IlieKueuua  Ii><llw»,  3«>i  DisRD.  (.'■Iltsnim.    Collsclod 
b;  Dr.  Eilward  Pulmsr. 

Fto.  2.  Bow,  of  meaquit  wood.  Reotaugulai  ia  cross  seotion,  tapering  from  tb« 
grip;  BJngle  cDrve.  Bow  Btring  of  two-ply  bIdcw  cord.  Length,  3  f«et  6 
incbes. 

Ckt.  Ko,  120S<3,  T:.  S.  K.  U.    Tanbuman.  Cblbiuhiiii,  M«li'«.    Collecint  by  Dr. 
Edwiid  Pmlmer. 

Ftu.  3.  Bow,  of  cotton  wood,  cut  out  of  a  rod  leaving  the  back  untrimmed ;  siugle 
curve.    Bow  string  of  sinew  cord,  two-ply.    Length,  4  feet  6  inches. 

Cat.  No.  700S1,  T-,  S.  >'.  M.    Pima  Indliuiii,  Artumw.    CoU«t«.l  by  Dr.  Palmer. 

It  sbonld  be  remarked  that  these  plain  Ihiwh  wiUi  r<>iiud«il  and  rectangular  cross 

Miction  represent  tbe  whole  area  southward  to  Cupe  Horn. 

Pig.  4.  SiNEW-UNEUDOW  madeof  hard  TCOOil.  Bock  lined  with  sinew  and  laid  on 
with  glue;  rcenforced  by  fifteen  transverso  bauds  of  sinew.  The  grip 
wrapped  with  buckskin  string.  Tbe  Iiow  string  of  sinew  cord,  two-ply. 
Length,  3  feet  R  inches. 

CbI.Ku,  75IM,  tr.'s.  N.  M.    Nav^oludl«ii«,  New  Meil™,    Coll«l»d  Lj    Bnnwi 
ofBthnology. 
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EXPLANATION   OF   PLATE   LXII. 

PuuK,  Sinxw-un-eh,  and  Coxpoukd  Bows,  thb  last  named  also  Sixew-uvkd. 

Fio,  1.  Bww  of  hsnl  wood,  oToid  in  snctiOD,  single  corre;  string  of  aincv  t^ord. 
LenKtb,  4  f«et  1  iDcfa. 

Cat.  No.  IJOnt,  U.  S.  N.  M.    Crsw  Indiuu.  MoDUu     OoUKICd  by  Uu  C  S.  Bea- 
din.  r.  S.  Acmj. 

Fig.  2.  Bow,  m>deaf  hickory,  with  kdonblecnrTe — tbe  lower  carre  larcvr  than  tbe 
othei.  The  back  neatly  lin^  with  sinew,  and  the  ends  wrapped  for  two  or 
three  inches  with  shredded  ainew.  Grip  bonnd  with  bnckskin  string. 
Bowstring,  three-pl;  sinew  n>rd,  back  painted  while.     Leagtb,  3  tect  5 

iDim  OakDii.    CoUerUd  br  Dr.  WaskiBftH 

Flo.  S.  CoHPOi'ND  BOW,  made  of  two  sections  or  cow's  bom,  spliced  together  in  the 
middle  and  held  br  three  riiete.  Lined  on  the  ba<-k  with  sinew,  whirh 
coTCTB  also  tbe  nock*.  Curved  in  atinpu  of  Cupid's  bow.  booad  at  tbe  grip 
and  the  curve  of  the  limbs  with  bands  of  red  Hannel.  which  is  held  in  pl*ce 
bj  sellings  of  buckskin  string  wr«ppe<l  here  and  there  with  broad  qniU, 
djed  Yellow.  Tbe  boms  are  also  wrupped  with  shredded  siiiew.  Bow- 
strinjc.  a  three-ply  sinew  cord  End  of  the  bow  nmimfinlrd  with  tofta  of 
horsehair  and  for.     Length.  3  feet. 

Cat.  Na.lM»)5.r.S.N'.  U.    litkwi  Iiidiu&  MoataBL     rillinni  1  j  Tiis   nisia  F 
S.  Aimy. 

$peeia]  alteolion  i*  called  to  tbe  anion  of  th<-  compound  and  siDew  lined  bow 

Flo.  4.  Similar  to  Xu.  S,  bnt  was  cotlecteil  lon^  ago  from  Ibe  Gres  Teatles,  Upper 
Miaauori.  by  Dr.  Wasbinfcton  Mathews,  wbospenlanamberof  ycaiaamMig 
Iheee  people.  Contact  with  tbe  Orrai  Interior  Basin  is  sbon  by  Ibe 
union  of  the  compouitd  bow  anil  the  Sboebunean  type  ofBBew-liBed  bow. 
Length.  3K  incbce. 
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Plain,  Sinew-lineo,  *no  Compound  Bows,  the  last  named  also  Sinew-lined, 
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EXPLANATION   OF   PLATB    LXIII. 
SiKXw-LiNKD  Bows,  iutoAi>  TVPK-    Okk  Bow  n-us. 

Flo.  1.  Riiw.  nwd«  of  y»w.  This  is  s  bow  with  %  MBgl«  cnrre  on  Um  iMefc,  donbk 
carve  on  tha  inaidr,  braad  and  flat.  CanKrictod  mt  the  grip  and  wutov- 
iDf;towanl  tho  nock*.  Along  thv  innde  ■•  a  litU*  fanow.  lite  grip  it 
oiSMneBtvd  with  a  taft  of  long  kair  scixed  ia  place  by  a  band  of  bad 
bark.  TktB  bow  ia  azactlj  of  tb«  £dib  tf  tke  auew-Jiiied  bowa  &rtbu 
Booth  aad  lalaad.  I^rhap*  tho  ooM  aad  iliMjiiiiaa  of  the  muC  repiNW 
art  nafcvofablo,  affeeltng  tho  gl*«.  TW  baw«titi(  la  a  MWgto  nbboo  «f 
WBvw  iwut.     Leofth.  3  feet  10  ioehea. 

<kL  >-..  not.  r.  &  X.  M.    Makah  liiiiai.  <^^  WiWin      Oifcg— *  ^r  J  C. 
Swu. 

FM.3.  B<.>w.  Mode  of  yew  aodliBodabi^lbe  bad  with  aiBrw.ihraUodaBdHued 
with  (^oo,  whkh  ia  wrapped  aroud  the  bona  ef  tbe  bow  aad  molded  U 
fiana  the  BOrks.  Single  erre.  eMepoag  at  the  i«^  ibniL  tfcclimtwwin 
gnrtwAill;  ttackwanL    TW  fnp  aad  bacM  am  PiappLJ  with  b«ck*ki« 


Flii.  S    Bow.  Made  4tf  t«w  wiiiA.    Bnnd  ami  thia  at  the  |Ti|^  tapcn>s  ia  widtl 
aadihx-kMMtBward  th«Mvl^wbKk  wenuwedaattward.     TtaebMkot 

ih*  b«w  »  haed  with  «hr«Jd«<l  a»rw.  Uid  «■  cimelj  like  the  barko* 
ITM,  aad  fuiai*id  |,iw  a>d  d»f<ir«*eid  w:ih  mfto  mt  ota^  ikiB  aad  Hfif* 
*>C  <b>f*ii»>d  btw..  fpuvd  wiik  K»ew,  tW  jt:?  >a  ^wweJ  with  a  cnaag  rf 
Kwktli-.a  sn~.Bf .  TV- bMK' m  ibp  t>p«  linra  Mawai4.  l^^b>^■l/■ig'^ 
vaiie  *f  rw»*ed  nsew.     Lencth.  S  i*««  11  lar^Wv 
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Sinew-lined  Bows,  broad  type.    One  Bow  plain. 
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EXPLANATION    OP    PLATE    LXIV. 
Plain  Bowh.     Onk  bxahplk  Compiujnd  with   Sinkw  Cahlk  Racking. 

FlO.  I.  Bow,  of  hickory.  Keotangulai  Id  croaa-sectiOD.  Double  curve,  t»periag 
Uiw«rd  the  ends.  BowHtriDgof  veiy  thick  three- |il]~  ai new  cord.  Letigth. 
4  feet. 

Cil.  No.  12»87X.r.ft  N.  M.     AnpkbolDdtua.Nebruk*     Oollsctodby  H.  M.Cml. 

Fk;.  2.  Bow,  of  willow ;  ova)  iu  section,  taperiug  toward  the  cads  slightly,  doable 
curve.  Chief  cbftrocteriatic  is  a  piece  of  wood  im  the  iuside  of  the  f^p, 
fastened  like  the  bridge  of  a  violiu,  and  held  iu  place  by  a  buckskin  conl 
to  catch  the  blow  of  the  string  in  relaxing.  The  bowstring  is  a  tough  out 
of  rawhide.     Length,  i  feet  &  inches. 

Cst.Na.7MU, U.S.N  M.    Kotchio. IdUdcI  Alnkn.    Colieoled  b)' J.  J.  UcLeu. 

FiG.3.  Bow,ofwil]ow;  dimilar to 75455.  Evidently un&Dished.  It isaweakweapus, 
and  the  bowstring  is  made  of  cotton  thread.     Length,  4  feet  1  ioch. 

Cut.  N«.  OIUS,  U.  S.  N.  M.     KuuhiD  IndiBum  IdUdcI  Aluk*.    Co]i«(«l  l>,  -I.  J. 

Fi(i.  4.  Compound  bow,  made  of  three  pieces  of  bone.  The  foiuidatiuu  is  the  grip 
or  middle  piece,  to  which  the  limbs  are  spliced  and  riveted.  The  back  uf 
this  bow  is  slightly  reenforced  by  live  doable  struide  of  braided  sinew  or 
sennit,  passing  along  the  hack  from  uock  to  nock,  and  held  in  place  by  a 
cross  wrapping  at  the  middle  of  the  grip.  Bowstring  ia  made  of  four 
strands  of  eeiuiit.  The  ends  of  this  string  are  attached  to  loops  of  raw- 
hide, which  pass  over  the  nucks.     Length,  2  feet  S  inches. 

Cat.  No.  3MU.  D.  S.   N.  U.    Eskimo.  Cuuiberlswl  GnlT.    Cgllwled   liy  Lndvif 
XamllsB. 
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Plain  Bows.    One  example  compound  with  Sinew  Cable  Backing. 
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EXPLANATION   OF  PLATE  LXV. 

StNKW-BACKKl)   BOWH   »F   KSKIMU. 

Fia.  1.  Compound  bow,  mode  of  reiDdeer  antler  and  backed  with  ainew.  Tbe  ipee- 
imen  is  from  Cumberland  Gulf,  the  farthest  point  east  at  which  sinew- 
hacked  bows  have  been  found.  This  is  an  interesting  specimen  sIbo  becaiue 
it  exhibits  tbe  method  of  making  the  eompouud  bow  after  the  advent  of 
the  whalers.  The  grip  piece  is  spliced  and  riveted  to  tbe  limbs.  In  tbe 
old  regime  these  three  pieces  were  &steued  together  by  lashings  of  sinew 
cord  or  braid,  Terj  strongly  at  tbe  points  where  the  upper  and  lower  seizing 
oecnr  in  this  bow.  Two  views  given.  Murdoch  says  of  ttiis  type :  "  The 
main  part  of  the  reenforcement  or  backing  cmiitiBts  of  a  cootinnaas  piece 
of  stont  twiue  made  of  sinew,  geoerally  a3-strand  braid,  bnt  sometimeea 
twisted  cord,  and  often  very  long  (sometimes  40  or  00  yards  in  length). 
One  end  of  this  is  spliced  or  knotted  into  an  eye,  which  is  slipped  round 
one  'nock'  of  the  bow,  oBually  the  npper  one.  The  straods  then  paas  up 
and  down  the  back  and  round  the  nocks.  A  comparatively  short  bow, 
having  along  its  back  some  dozen  or  twenty  such  plain  strands,  and  finished 
off  by  knotting  the  end  about  the  '  handle,'  appears  to  have  been  the  origi- 
nal pattern.  Tbe  bow  l^om  Cumberland  Gulf  (fig.  1)  is  snch  a  one,  in 
which  the  strands  have  been  given  two  or  three  turns  of  twine  Crma  tbe 
middle.  They  are  kept  from  untwisting  liy  a  'atop'  round  the  handle, 
which  passes  between  and  around  tbe  atrandB." 

Cst.  So.  UXea.  U.  S.  N.  M.    Co]l«led  by  L.  Eumlleii. 

FlO.  2.  Southern  type  of  sinew-hacked  bows  of  Hnrdoch.  The  essential  features  of 
these  southern  bows  are — 

Firtt.  The  substitution  of  a  columnar  for  a  breaking  strain  npon  the  wood  secured 
by  winding  a  great  many  yards  of  sinew  twine  or  braid  backward  and  forward 
along  the  back  of  the  bow,  from  nock  to  nock. 

Sttond.  The  addition  of  strands  in  the  oabl^  inserted  by  means  of  half-hitches  at 
various  points,  laid  on  ss  shown  in  the  following  plate. 

TMri.  Holding  the  strands  together  in  a  cable  by  a  coiled  twine  running  tKaa  end 

toff.  oDilwIsd  by  K.  W.  NeUon.    Stmlght 
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KX  PLAN  ATI"  X    <>  >'    !■  I 

Sinkw-Backki>  Howh  ••k  Khkimo. 

:■■.  Oii«  nod  of  fig.  2  in  the  last  plat«,  HhowioK  tbe  furm  iit  thu  nock,  tbn  ehar- 
Boter  of  tbe  braid  of  Binew,  the  method  in  which  the  cable  ia  hnilt  up,  the 
half  hitches  made  about  the  bow,  and  the  coil  laid  about  the  cable. 

Cat.  Mo.  aaa«2,  D.  s.  n.  M.    ]bikiinaurca]»ic<>Biui».ir.   CDii«t»<byK.'n'.  n^uw. 

(Alttor  Miinli»h.> 

'.  Straight  bow,  with  Mordocb'a  Miiitberii  tfp'  "f  bttcking.  The  peculiarity'  of 
this  bow  is  ehowQ  iD  fig.  3<i.  After  Daacly  *■!  tbe  filamenU  iu  the  cable 
have  beeu  paaoedft^imnucktouovk,  tbe  bowyer,  stopped  with  hiabraiJat 
a  certain  poiut,  made  two  half  hitches,  and  then  added  a  strand  to  the 
uable  by  goiog  to  an  equidistant  point  on  tbe  other  side  of  the  grip. 
This  was  repeated  three  timea  on  this  bow  and  the  braid  fiiatened  off  is 
the  middle.     The  mark  at  the  side  of  the  bow  denotes  inche*. 

Cut.  Ma.  TMK,  V.  S.  !<'.  M.     llrl>U4  lUy.     (Jullvclwl  hy  C.  1..  UcE^. 
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KXPI.ANATIOX    OK    Pl.ATE    l.XVII, 

Biiww-Rackko  Howh  nr  Kbkim<i. 

XVII  mpresenta  fonr  ex>IIlpl(^n  of  Binew-bftcked  bans  of  Murdoch's  Miulherti 
typM.  The  following  ch»rBct«ri8tic8  are  to  be  noted:  First,  in  all  of  llMm 
the  backing  extends  from  nock  to  nock  with  berekodthereeKtraatrBndslet 
into  the  cable  by  meaiie  of  kp;  number  of  half  hitcbss  pawing  around  the 
bow  and  into  the  cable.  These  have  the  additional  value  of  keeping  the 
irood  from  cracking.  In  the  third  example  in  the  plate  is  exhibited  the 
characteristlce  of  the  bent  or  Tatar  pattern.  The  bow  has  reollf  three 
curves,  the  great  one  in  the  miildle  and  two  shorter  ones  near  tbe  end. 
The  bentls  irhere  the  small  curves  loeet  the  larger  one  &re  strengthened 
with  bridgesof  wood  and  seizing  of  sinew.  In  three  specimens  on  the  page 
Use  cable  or  backlog  ba*  been  twisted  by  means  of  au  ivory  lever  described 
in  the  text  and  held  thue  by  a  seizing  which  is  rove  throngh  one-half  of 
the  strands  holding  tbe  whole  iti  place.  The  twinting  of  tbe  sinew  MTvea 
to  tighten  the  bow.  In  figares  4,  5,  7  the  bow  is  ehown  with  a  device 
for  keeping  the  cable  from  iiiitwiating.  In  all  eiamplea  except  ftgnre  S 
one-half  of  tbe  bow  is  shown. 

Ill  lb*  order  Id  which  tfaej  appBKr  upan  Ihe  pl>tfl  thv  bow  jvb  uumbcnd  Cat.  Va^ 
TBTZ,  U.  S.  N.  U.,  tna  Brlitol  Bay,  oaUectedbrDr.  Minor;  No.  Ittii.  KanlTiak 
Talud,  oollectedby^.H.DmUi  Ko.  MOSt.  Knilinqiilm.  roll«t«d  by  K.  V.Nel. 
•eniKa.  MOU,  ixllorlod  by  K.  W.  NcIhd. 
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KXPI^ANATION    OF    PLATK    LXVIII. 
SiKKW-HACKurt  Hown  ny  Eskimo. 

Pikte  nboiTiDg  Mardooh'a  Arctic  type  nfbow.     The  noteworthy  reatnrea  are — 

fir$t,  Tbeae  bovg  •!«  mnch  •bort«r  than  those  of  Mtatbem  type  and  >re  sKid  by 
MnTdech  to  be  of  very  graoefal  shape.  Id  some  examples  the  end*  are  bonnd  op  aa 
in  ■ome  of  the  eoathem  hoira  and  the  liiuik  reenforced  with  n  nhort  rounded  epliutof 
wcKid  or  Mitler  la  the  bend. 

Seixmd,  The  hacking  of  theae  bowa  is  always  "  of  a  very  complicated  and  perfect 
pattern,  nsnslly  very  thoroaghly  incorporated  with  the  bow  by  inenuH  of  hitcbea  and 
a  very  complete  selxinK  of  many  tnmsrunniog  nearly  the  whole  length  of  the  bow 
and  serriog  to  equalize  the  distribation  of  the  strain  and  thus  prevent  cracking." 

Third.  Another  notable  featnre  ieinsomeexampleathedivision  of  the  backing  into 
two  cables  in  which  the  twist  mns  in  oppoaite  directions  so  that  when  the  twocablee 
an)  sewed  together  neither  one  can  nntwist.  The  examples  shown  in  the  plata  are 
nnmbered  as  followii: 

Km.  CM.  -No.  IS72.  U.&N.U.  Anils  b»w  fmn  ihB  Muck.i.iia  ngloB.  Iwekawl 
(Idevtew.    CallMled  bf  Rdsl 

Sttond.  OiU.  No.  WZ(5,  O.  8.N.  H.,  fn>aPaiii(B>rn>w,rall*ol«lbytlieU.S.  iDter- 
uUoutl  Polu'  KipsdlUon.  The  wood  In  In  ahspe  of  ■  TkUr  bar.  rtgimm  11 
■nd  13 (baw  tbe iBftbindsd  ud  rlght-hiadsd  "Mldlar'a  UMb." 
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KXPLANATION    OK    PLATK     I,  X I 


v-Backki>  Bows  d 


AitCTiti  Trpi 


Thia  plate  exhibits  the  great  variety  or  ways  in  which  the  sinew  braid  ie  admin- 
Istored  upon  the  bow  in  the  Arctic  t;pe  for  the  purposeof  miDimitiug  thealianGes  of 
brealiing  the  very  brittle  wood  of  which  they  are  made.  The  uumberB  upoii  the 
sides  of  the  llgiin«  lefer  to  descriptious  by  Mnrdoch,  ia  the  Keport  uf  the  U.  S.  No- 
tiooa)  Huseum  for  1884. 

The  fltet  how  iipoa  the  jilate,  Fig.  10,  ia  Cat.  No.  89245,  U.  S.  N.  H.,  uud  the  eeeond 
figure  is  Cat.  So.  T2TT1,  U.  S.  N.  M.,  from  Woiuwright's  Inlet.  CuUectsd  by  U.  S. 
iDtemationol  Polar  Expedition. 
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KXPLANATION   OK   PLATE   LXX. 

Sinrw-Backkd  Bows  or  Kskimo,  Arctic  and  SoimtBRN  Tvprh. 

ITpoii  tbis  plate  are  repteseuted,  flret,  a  section  of  the  Arctic  bow  to  show  tha 
methiKl  in  whicli  short  Htrands  at  tlie  angles  of  tbe  bow  »re  a<linini8tere<l  in  order  to 
relieve  tlie  straia  from  the  wood. 

First  figure  shown  section  of  Arctic  1h>w  1970,  It,  S.  N.  M.,  from  Mack»ii/.ie  rv^ion, 
collecled  by  B.  R.  Roas. 

The  other  tig n re  ( 15),  showing  tiack  and  side,  is  a  bow  of  tbe  aoutberu  type  coiuing 
from  tbe  Yukon  Delt»  and  exhibits  therefore  Mime  of  tbe  Arctic  characteriHttcs,  Kticb 
as  tbe  splint  along  the  grip  and  tbe  precautions  against  splitting. 

Cat.  No.  3.'I8«7,  U.  S.  M.  U.    CallMUd  by  K.  W.  Mal>on  Dn  the  dulbi  b(  iha  Yukon 
Rlrer. 
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RXPI^ANATIOK    OF    PLATE    LXXI. 
^ixkw-Bm-kri>   Bows  nr  Eskimo. 

Tb«  fini  Ivv  fijrunv  u|>ua  this  plate.  Ifiaudli.  illosuaWa  how  iavkkk  tba  mamMh- 
H«  Ivfw  of  vtiod  hau  admiuistenMl  Dpun  it  tke  barking  of  tW  Aivtie  tifc  Tb* 
tuvlbod  of  •ilaitiiBtMiDf;  IW  abort  strsub  br  »e*n«  oC  half  hii«h(«  t*  pw^r^t  tke 
a(>lillin;;  of  Itw  vuh)  is  KLhihiitrd  iu  Ihp  scrtHid  diswinjc.  fifarr  IT. 

Tit*  Isft  Iww  lii-urr*  u|>ua  thb  plat*  Itfloof;  to  what  Mnidaek  aaU*  (to  1Tia)ia 
t.vpvv  IVriwpa  it  Mii:hl  be  railed  tb«  Chakcfai  tjf».  TW  bmA  Mitinafcti  fiMfii 
is  that  tW  karkin^;  >lu*«  »al  pw»  anwiHl  tW  aorkB  at  thv  csAi  of  tkc  k««.  h«t  th« 
vkoW  ratde  U  Wld  opoa  tbv  bark  by  anuu  oT  a  •rnw  of  half  htwfcn.  TW  v««d 
ufth*:  buv  «»  rilbrr  Mtai^bi  or  of  Talardupe. 

TWh*  TTair^r  ar*  Cat.  N>».  {«<£L  frua  Yakuo  IVita,  tifUM  W  ^id  IT.  mOwMd 
bv  W.  11.  IWL  a«a  £>0e  fr«m  Sibwia.  d<ai*  l-^  n>lWrCtol  b;  tk»  >a««ti  Pacsfa  E 
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EXPLANATIOK    OF   PLATE   LXXII. 

Sinrw-Rackiep  Bows  op  Kbkimo,  Wrhtkrn  Tvpr. 

The  peciilinritiiw  of  tlie  Imiw  Khown  in  the  Inst  plate  »nit  i1liistrat«d  ftirthitr  on  this 

TLe  ext«iiBiou8  of  their  cables,  one  rencLiag  nearly  the  whole  leogth  of  th«  bow 
and  attached  close  to  the  docIcb,  a  second  one  further  down  npon  the  1iinl>g,  and  » 
third  one  from  the  middle  of  the  limbs.  Between  these  two  laxt-namod  points  All 
tlie  three  cables  are  iiuited  iuto  one  piuaiDK  scr»s«  the  grip. 

'Ibis  figure  shows  a  portion  of  the  first  cable  (tlie  lousiest  csble),  the  pasaiag  in 
Mtrauds  of  the  second  and  third  cables,  and  the  union  of  all  three  into  one.  The 
seuond  figure  upon  this  plate  (fig.  21)  is  a  straight  bow  upon  which  the  backing  has 
upward  of  seveuty  strands  twisted  into  three  cables  of  Arctic  type.  In  this  exam- 
ple also,  the  longest  cable  passes  around  the  nocks. 

SMtliiD  or  Cat.  No.  SMH.  D,  3.  N.  U.,  ind  2Mie,  Kulsm  Rilxirla.  iwUmiImI  by  Nortb 
PsciBc  Eiplorlni  EipcdlUoD. 
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EXPLANATION    OF    PLATE    LXXIII. 

Sinrw-Backrd  Rows  of  Eskimos,  Mixrr  Trpits. 

The  first  figure  upoD  thts  p)Ate  exhibits  the  mettiodtt  of  seixing  and  the  variety 
of  attach nients  iii  pnasing  thn  braided  card  train  the  fnnctioa  of  wTappiug;  the  bow 
ou  to  the  AiDction  of  strand  in  the  treble  cable  on  the  bs«k.  With  a  little  patience 
it  is  easy  to  trace  with  the  eye  each  braid  strand  from  one  function  to  the  other. 

The  loet  two  flgnrea  upon  tbia  plate  represent  a  bnw  in  which  the  backing  is  of 
the  Arctic  tjrpe  and  the  shape  of  the  bow  approaches  the  Western  type. 
TbB  Hnt  figure  la  Cat.  No.  £506.  IT.  S.  N.M. 
SHWod.  Cat.  No.  MM.  E.   Slbnte.    Collwited  li;  Manhara  Pullla  Kxplin1n«  Kipe- 
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EXPI-ANATIOK    OF    PLATE    LXXIV. 
ftlNKW.BA.t;KKII    BoW«    i.K   Khkimu. 

The  priucipal  figure  iipou  this  plate  showN  the  admin iatmtiun  of  the  braided  Una 
Just  at  the  point  wheie  the  tliiril  cable  comiag  rroDi  the  nock  crosees  the  bend  in  the 
bow.  It  is  at  this  poiiitr  that  the  greatest  etraiu  occurs  and  there  is  more  pressing 
need  for  additional  protectiou.  Of  this  bow  Murdoch  sayn  that  "  it  approaches  verj 
cloae  tn  the  Arctic  type,  but  shows  traces  of  the  Western  model  in  having  the  enils 
of  the  loag  strands  stretched  across  the  bend  aud  one  single  short  strand  returning 
to  the  tip  from  beyoud  the  bond,  while  a  fourtli  is  preciseiy  of  the  Arctic  type,  with 
a  very  large  nnmber  of  strands."  The  ivory  levers  shown  upon  the  plate  have  been 
described,  and  are  used  in  Cat.  Noa.  ^06  and  S9466,  U.  S.  K.  M. 

Figures  25  and  26  ilIuHtral«  a  peculiar  "clove  hitch"  »nd  "soldinr's  hitch  "  em- 
ployed in  this  example. 

PnlDt  Bumw.    CullBrMl  by  tT.  H.  laUrnatiaDiU  P-I.r  K>d«dltl«.. 
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EXPLANATION   OF   PLATK   LXXVI. 

A  Map  to  Iixdbtiutk  thk  DiBTiuBUTtoN  OF  Eskimo  Bows. 

Prepared  b^  Jobo  Mardoch  to  shov  the  diatribntlon  of  the  three  typea  of  bows  in 
Alaska.     In  "A  Study  of  the  Eskimo  Bows  In  the  U.  8.  National  Museum,"  Report 
of  the  U.  8.  National  Museum,  1884. 
In  the  plan — 

A.  stands  for  Arotio  type. 
S.  stands  for  Southern  type. 
Vf.  stands  for  Western  type. 
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EXPLANATION    OF    PLATE   LXXVIII. 

Apachk  Arrow  Casb  and  Arrow. 

Pig,  1.  Quiver,  deerakJD.  BowoMe,  none.  Arrowcoae,  bag  withaBtiffenerof  wood 
attached  by  meang  of  atringH  along  the  seam.  About  the  middle  of  the 
quiver  is  a  band  of  smoked  deerskin  leather,  with  a  twinge  cbftracteTintic 
of  the  tribe,  in  which  the  ecallop  before  mentioned  appeara.  The  bando- 
lier is  a  strip  of  cotton  cloth  and  blue  tiamiel.  X^ogth  of  quiver,  34  iucbea. 
C>t.No,lT331.0.S.N.U.  Amchi.  Indiui*.  Atbapucwi  aUKk,  Ariwna.  CoUertal 
by  Dr.  H.  C.  Yuroir.  C.  a.  Army. 

NOTK. — The  arrows  accompanying  thia  quiver,  of  which  an  example  in  given,  are 
of  the  characteristic  Apache  type,  ahafl  of  reed,  foreshaft  of  hardwood,  pointa  of 
iron.  The  extra  length  of  the  quiver  is  dno  to  the  fact  that  the  reed  arrows  an 
longer  than  those  witb  shafts  of  hard  wood. 
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Apache  Annow-CASE  and  Arrow. 
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EXPLANATION    OF    PLATE    LXXIX. 

Navajo  Quivbr,  StNRw-LtXBi)  Bow  and  Arrow,  ali,  of  Nortrerk  ttpk. 

Fiu.  1.  QotVKR,  moaiJt«in  lion  akia.  Bow  case  made  with  hair  eide  Inward ;  Arrow 
CMe,  hair  side  outward.  Tfaers  la  bIbo  between  the  two,  where  they  an 
joined,  a  stiffener  of  wood,  which  belongs  expeoially  to  the  arrt>w  case, 
showing  that  the  bow  coae  ia  an  aft«rtboDght.  For  decoration  the  eodf 
of  the  bow  case  are  adorned  with  a  fringe  of  lion  akin,  and  from  the  top 
of  the  arrowcasethetailof  the  lion  depends.  Length:  liow  case.  44  inchee', 
arrow  case,  28  inches. 

'.  Bow,  made  of  meaquit  wood,  rounded  on  the  back  and  oval  in  form,  lined 
with  ainew,  which  ia  atrcngthened  by  three  bands  of  sinew.  The  grip  i* 
seized  with  a  delicat«  wrapping  of  buckskin  atring.  The  enda  of  the 
horns  of  the  bow  are  wrapped  with  sinew  and  there  is  no  e«pecial  modifi- 
cation of  the  ends  for  receiving  the  string.  The  bowstring  Is  of  two-ply 
twine,  sinew  cord.  Length,  3  feet  U  iochea.  The  Tacullies  or  Carriers 
of  British  Colnmbia,  the  Hupa  of  northern  California,  and  the  Navajo 
of  Arizona,  all  Athapscans,  use  the  sinew-lined  bow. 

Cut.  So.  ntil.  n.   S.  N.  M.    Nut^  Indiu»,  AUupucau  ■luck,  AriH>iii>.    Cut 
lected  by  Dr.  Uattbaws. 
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NAVAJQ  OuIVEB,  SiNEW-LIHEO  BOW  AND  AHBOW,  ALl,  OF  NORTHI 
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EXPLANATION    OF    PLATE    LIIX. 
Chktknkr  Qcivn,  nrxr  Biiw  amd  Akkow,  wrra  Srurr  Grootks. 

).  1.  ^L'lvut,  iDoaDtaiD  lion  •kin.  Bow  ouo  sad  *n«w  e«M  Mptuate.  Both 
aude  witb  hair  aotwiiTd,  and  oTnunentcd  with  fringea.  From  the  bottotn 
of  the  bow  ea««  dependn  ooe  of  the  feet  of  the  lion  with  clawa.  At  tbe 
hottom  i«  Miother  foot  of  the  lion  wrapped  witji  a  red  flannel  rloth  and 
■lightly  decorated  with  bead*.  Arrow  case  frioged  at  the  top  and  bottom 
witli  Htrips  of  hide,  and  with  a  long  pendant  from  the  nppet  border  tnada 
of  tbe  lion'n  tail,  faced  with  red  flannel  and  decorated  with  beadwork 
and  ribbon.  A  nniqne  attachment  to  tbia  qnirer  is  a  atreamei  conaiHtiBg 
of  one  »oi]  a  half  yarda  of  red  and  black  calico  sewed  to  tbe  inner  tinin|; 
of  the  arrow  rase.  Bandolier,  of  lion  skin  faced  with  tent  cloth  (oottoa 
dunk).  The  bow  shown  in  tbe  plate  with  its  arrow  is  of  the  fonn  common 
tbroaKboiit  tbe  Plains  of  tbo  Great  West.  It  is  mode  of  asb,  and  baa  m 
slight  double  curve.  Length:  bow  faac,  40  inches;  arrow  case,  25  incbcA. 
Cat-No,  12M73.  t:,S.M.U.  Che^sniH' IihUbdi,  AlgoDqalu  (lock.  CoUMtod  by  H. 
U-CmMMt-Amif. 
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Cheyenne  Quiver,  self  Bow  and  Arrow  with  Shaft  Groovi 
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EXPLANATION  OF  PLATE  LXXXI. 

Chippewa  8iu  Bow,  Abbow,  and  Quivkb. 

Pio.  1.  Bow,  nearly  r«ctMigiilar  in  wctlon,  tap«riag  t«WBid  tbe  end;  sllgbtJy 
doable  carve.  One  notch  at  each  end  and  both  on  the  same  aide  of  tbe 
bow  for  receiving  the  string,  wbicb  is  a  2-pl7  twine.     Length:  3  feet  9 

Cat.  No.MtS,  D.  S.  N.  U.    ChinMwa  Indiu    Algonqnlui.  Dakota.    CoUaeied  b; 
Dr.  W.  H.  Oardmr.  r.  S.  Armj 

Fio.  2.  QrivEB.  dceased  boffalo  hide.  Bow  csaeiaaloognatraw sack,  fitting  bow; 
arrow  case,  wide  bag  tapering  toward  the  bottom.  Both  ornamented 
slightly  with  fringe  of  rawhide,  beads,  and  red  flannel.  The  bandolier  it 
a  narrow  band  of  bnffolo  skin  with  the  iiair  un.  Length :  bow  case,  38 
inches;  arrow  case,  24  inches. 

Cat.  No.Mn.U.  S.  N.U,    Cblppcwa.  Algonqnian  aiMk.  Dakota.    CaOtcUitirV. 
S.  War  DepnrtmeDt. 

NoTB. — The  Chippewa  Indiana  are  more  civilised  than  their  neigbhon,  and  tbia 
specimen  shows  a  degenerate  style  of  doing  tbeir  own  work,  and  much  bonowing 
from  tbe  whites.     The  arrow  is  of  the  common  Plains  type. 
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Chippewa  self  Bow,  Arrow,  ano  Quiver. 
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EXPLANATION  OF  PLATE  LXXXII. 

KlOVA   QLIVBR   COKTAISINO   BOWS   AND  ARHOWlt  IN   TlIRIR   CaSES,  FTRK   BaG,  AXl» 

Awl  Cask. 

Flo.  1.  Ql-ivrk, barneaa  leather.  Tb6  liow  caseis  alongalenderbag  jnBtfiningUw 
bow ;  the  arrow  caae  is  a  broad  bag— both  fringed  at  the  bottom  bf  cot- 
ting  pieces  of  leather  int«  stringB.  Tbe  two  pieces  are  attached  at  th« 
margiDH  with  bDckakin  etriogH.  Bandolier  is  a  broad  atrip  of  rawhide. 
The  bottoms  and  upper  margins  of  the  bow  case  and  qaiver,  tbe  awl  case, 
tbe  end  of  the  bandolier,  and  tbe  bottom  of  the  tool  bag  are  decorated  with 
leather  cnt  in  fringes.     Length  of  the  bow  case,  44  tDcbes;  arrow  caae,  30 

CM.  No.  1KS85,  V.  a.  N.  U.    KiDDS  tniliu*,  Elowu  alack.    Colleclcd  b;  JuM 

Fig.  2,  Bow,  made  of  Osage  orange.  It  is  ronnded  on  tbe  back  and  inside,  and 
•qnare  on  the  sides.  Largest  at  the  grip  and  tapering  along  the  limbs 
toward  the  ends.  Tbe  notches  for  the  bowstring  are  cnt  in  on  alternate 
sides  near  tbe  end.  The  bowstring  is  maile  of  4-ply  sinew  cord.  Double 
curve,    liength :  I  feet  4  inches. 

Cat.ND.IS!89$,  V.  S,  S.  M.    Eioan  ludluii,  Klowau  nturk,  Inllu  TwriUry.    Col- 
leclnl  by  Ju.  Houoe; . 

'  This  is  a  complete  archer;  ontfit.  The  bow  case,  arrow  case,  tool  bag,  and  awl 
case  are  separate.  The  bow  is  made  of  Osage  orange.  The  bowstring  is 
of  4-pl7  twine  or  sinew  cord ;  tbe  arrows  are  of  the  original  Plains  type. 
Shaft  of  hard  wood,  worked  down  with  straight  shaft  streaks. 
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EXPLANATION    OF    PLATE    LXXXIII. 

Dakota  Quivkr,  sklf  Bow  and  Arrow,  with  ijHAPT  Grooves. 

Flo.  1.  Bow,  liickory,  rectangular  in  section,  donble  curve,  tap«ring  toward  the  enrifl- 
Two  DotcbM  at  oue  end,  aD<l  one  at  the  other  for  receiving  the  string, 
which  is  a  2-ply  twine  of  ainew.     Length:  3  feet  7  inches. 

Cal.No.l3135«.tr.S.N.U.    Sioux  Indiu»,SloDBn  Bl«k,I>skaU     Co1l«c(«ri  bj  Mn. 
A.C.JacksoD. 

Fto.  2.  Ql'ivkr,  made  of  dressed  buffalo  hide.  Bow  case  and  arrow  i^ase  Hspsrate. 
The  former,  a  long  nairuw  bag;  tlie  latter,  a  short  sack,  slightly  tapering 
townrd  the  bottom.  Both  areornamentpd  with  riuKs  of  bird iliiill  whipped 
oil  closely;  the  upper  borders aud  the  ends  omamenMd  with  finely-cut 
fringe.  The  bow  case  aud  outside  eacka.  top  and  bottom,  decorated  with 
patterns  in  bead  work.  Length;  bowcase,  38  inches ;  arrow  cMe,  24  inchei. 
Cal.  Mo.  laiSM.  r.  S.  N.  M.  Sioui  liKllanK.  SIdiibo  stock.  I']>per  UlsMuri.  Callecud 
bjUn.A.C.Jsck»D. 

The  noticeable  poiuts  on  tbearrowsre  the  hiduoub  shaft  streaks,  the  dainty  feath- 
ering projecting  Iiobind  the  nock  and  the  flanng  uock,  which  gives  n  perfect  grip 
for  the  thumb  and  forefinger  in  the  shooting  by  primary  or  secondary  release. 
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A  QUIVEB,  SELF  Bow,  AND  AHROW  WITH  SHAFT  GSOOVS«.K1Q  [c 
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EXPLANATION  OP  PLATE  LXXXIV. 

Sioux  Quiver,  Made  op  Cow  Skin,  Arrow  and  Bow. 

Pio.  I,  Quiver,  mottled  oow  skin.  Bow  case  and  Arrow  cue  are  mode  after  the 
usual  pattern,  ornamented  at  tfae  top  and  bottom  with  fringes  of  Itidewitli 
the  hair  on,  and  Joineil  together  by  their  margins.  Bandolier  of  a  strip  of 
hide  with  fringes  at  the  end.  Length  of  bow  ewe,  43  inches;  arrow  case, 
26  inohea. 

CM.  So.  IMOIS.  U.  S.  N.  H.    Sloai  lDdlftD>,  Biouu  lUick,  Dftkote.    Callwited  by 
Gen.  Huen.  U.  8.  Armj. 
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SiouK  Quiver,  made  of  Cowshin,  Arrow,  and  Bow. 
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KXl'l.ANATlON    OK    I'l-ATK    l-XXXV. 

ilrt    (/L'UKH.    SKI.K    How    AMI    AUKUW,    WITH    ^TKAIIiH^    SHAKI    liltmiVI^. 

IL'iVKK,  ol'bulfiili}8kiii;bon-  caBenml  nrron  case  Hepofnte.  Bon  rune,  a  uar- 
ri>w  bag  just  lining  tbe  bow.  Anon'  tnse,  a  wiile  sack  tapering  tuiraril  tl^e 
InitUiiD.  Iliitb  citseii  oilorneil  at  tippi-r  unit  loirer  innrRiiis  nitli  long  AringeB 
III  liiickskiii,  lit  tbe  head  iif  nlijcb  is  a  band  of  red  Hanucl  decorated  njtli 
"  wbite-iiiiiii'H  "  patterns  iu  lieadirork.  BamlolieTie  nstripof  biiffaloitkiD 
wtib  biiii'  left  ou.  Tbe  butr  aud  arrows  are  of  tLe  universal  Siouan  t,vpi-. 
I^iiKtb  of  bow  rase,  42  inehes;  anew  caxe,  26  inches. 

(Jut.  No.  OTK.  V.  S.  K    M.    Sloui  InUimi*.  SiuuoD  (tuck,  ll.iki>M.     CoUii-ihI  by 
ratil  Deck  Willi. 
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Plate  LXXXV. 
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Dakotan  Quiver,  self  Bow,  and  Arrow  with  STRAtQHT  Shaft  Qroove. 
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EXPLANATION    OF    PLATE    1,  XXXVI. 

TuHKAWA. 

Fig.  1.  QuiVBR,  made  of  oow  skin;  bow  case  of  mottled  cow  gkia  with  the  hair  l«ft 
on,  forming  a  long  close  each.  The  arrow  case  is  a  short,  wide  sack. 
Baadolier,  broad  strip  of  cow  skin.  From  the  ends  of  bow  case,  arrow 
ease,  and  bandolier  fringes  of  cnt  skin  depend.  The  bow  case  and  arrow 
case  are  sewed  together  at  the  margins  or  raw  edges  so  that  in  the  com- 
plotod  quiver  the  seams  tarn  inward  and  are  largely  concealed.  The  tool 
bag  ia  of  rawbide  and,  singularly  enoagh,  contains  a  fiiut  and  steel  and  a 
ponder  charger  made  of  the  top  of  »  buffalo  horn.  I,eugtb  of  bow  case, 
18  inches ;  arrow  case,  28  inches. 

CBt.No.84«,U,aN.M,    Tonkawn  In-IUnt  ToBkawM  Slock.  TeiM.    Collected  bir 
H.  Mi^Elderry.  U.  S.  Arm]'. 

Note, — After  the  Governuieut  entered  into  a  treaty  with  the  Indian  tribes,  among 
the  annuities  were  cattle,  and  from  that  time  eow  skin  very  largely  took  the  place  of 
other  hides  in  the  making  of  qnivera  along  the  Plains  of  the  great  West,  where  buf- 
falo and  deer  were  less  abundant.  Nninbers  of  Sionan,  Caddoan,  Kiowan,  Algon- 
qnian,  Shoshouean,  and  Tonkawan  tribes,  all  made  their  quivers  of  cow  skin,  either 
with  the  hair  left  on  or  tanned.  The  bow  case  and  the  arrow  case  were  mode  after 
the  general  plan  of  the  example  here  described. 

Fig.  2.  Bow,  hard  wood,  hickory,  the  natural  surface  of  the  wooil  on  the  back. 
Section  neiirly  Hi|Uare,  tapBring  slightly  toward  either  end.  Xotcb  single 
oil  alternate  sidea.  llowatrjng  of  4-ply  twine.  Bow  has  a  single  cnrve. 
Length:  3  feet  II  inches.  The  arrow  U  of  the  Plains  t.vpe,  abowing  that 
region  and  g.ime  override  social  and  other  anthropological  distinctions. 
Ot.  N'o.SMa.  C.&N.M.  ToDkB<FalDiliaD>,Csil<lDBost<>ck.TDi».  C->:i«Med  by  H. 
UcKlderr;.  U.S.  Army. 
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Plate  LXXXVI. 
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^TK    LXXXVII 


Ht>w  111'  Camkokma  Tvi-R. 

i.  1.  (JUIVKK.  Iilack  liear  ukiii,  witli  liitir  left  uii ;  liuw  ciiho  and  :ii'ii»v  •'&»-  Kei>a- 
ratc.  TIjb  (irnuiueDta  nro  tiisauU  uf  crutiiie  akin  liaiigilig  from  tlio  enila  of 
tlie  liitli(ltilier,  luid  tung  Haps  of  bearskin,  lineil  nn  Ibe  outside  with  itccd 
clotli  (tiid  <lec«rat«fl  with  lieadwork,  ribbon,  auii  irull  fenttiers.  Th<'  jiat- 
tenw  ou  tlic  greeu  clolli  are  i;«pi«il  from  th.iso  uf  tlm  wliites.  Length  of 
bow  case,  41  iuuhes;  arn>w  case,  37  inrben. 

('■I.  Nu.  {KH4.  U.S.  N.  M.     .Snak»ln'll*B<.  sj.<..,l ..»i,  .ui-k    lil:>li.>.    <'<.lli^'r<"l  b; 

I>r,  S.  Waan<'r 

I.  2.  Bow,  said  tii  In:  Snake  Indian  bow  I'ltiiu  liUbu,  but  it  Ix'loiig.'t  to  lb«  broad 
vanety  of  Hi  new -lined  bows  of  California.  If  nse<l  by  tin-  Snako  Indutns 
it  has  been  introduced  iih  »  matter  of  tradt'..  Tho  nocks  are  simply  1n|ier- 
ing  at  Ibe  endit  nu<\  no  proviaiouH  for  tho  bowstring,  which  ih  xiinply 
rnught  over  thii  Inpering  eads.     Same  ok  19323,     Length:  3  feet  I  ini-hes. 

Dt.  C   Wncner.  r.S.  Army. 
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Plate  LXXXVII. 


Shoshohean  Quiver,  i 
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EXPLANATION    OF    PLATE    LXXXVIII. 

NBZ    PKRCA    Qt'lVRR   AND   BOW. 

Fig.  I.  Ql'iVKR,  of  beaver  akiu;  bow  case  anrl  arrow  case  maite  separately  of  Waver 
skin  with  tbe  bair  aide  ODt.  Omametited  at  tbe  bottum  with  IubscIb  of 
■trips  of  skin,  bird  featbers  aod  little  bells,  and  with  bands  of  beadwiirk, 
and  at  the  top  with  rings  of  bead  work  and  long  flaps  of  beaver  BkJD.  lined 
with  red  flannel  and  decorated  with  beadwork.  Bandolier  iiiissing. 
Length  of  bow  case,  33  inches;  arrow-case,  27  inches. 

Cat.  Mo.  13SU.  D.  S.  N.  M      Sat  Pero«  IndUns.  SJimhapIlin  Ktvk.  ■•Iah<>     Collw-trit 
b;  J.aManlellb. 

NuTK. — Tribes  of  the  Shnhaptiau  stock  displayed  a  great  deal  of  taste  in  all  of 
tbeir  work,  and  soma  of  tbe  quivers  from  that  region  which  are  accredited  to  the 
SboaboueaD  and  Salishan  tribss  have  undoabtedly  Wen  made  undor  the  iulliieuce  of 
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Plate  LXXXVItl. 
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Nez  Pefic£  Quiveh  and  Bow. 
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KX FLAN  AT  ION  OF  PLATK  LXXXIX. 

I'TK   lilt    SmiSllllNKAS    Qi;iVKll,    HllW,    A-STl    AKKOW. 

(J<;ivKR,  iloerakio;  bon viiai', hituw  raae,anil  liaudoliermiuleof  tlioaameninterUI, 
with  the  I'lir  side  uiitward.  Adiimcd  with  friuges  of  tbe  samu  ekio  cut  in  etriiis 
nod  with  tufts  of  split  reatbersin  which  ttie  still' mid-rLb  haabern  removed.  Length: 
buw  ciHc,  34  JDchcB;  arrow  case,  28  iucbea. 

C«t.  Nil.  l«8t;i.  U.  a.  N.M.    III..  Inithuir.    .Sh(ub.m<-.an  Btuuk.   rwh.    Col  lee  led  by 
Maj.J.W.pqw.-ll. 

Ni'TK.— There  ia  no  tool  bag,  but  depeDiling  from  the  top  of  the  arrow  case  is  a 
brush  maile  of  porcnpiiie  skin  with  the  bristles  left  on.  Tbe  bow  isiiottinew-lineil, 
the  nrrow  is  ol'  tbe  universal  Shoshnuean  type,  anil  reseinbl««  tbose  of  the  east«rD 
Sucky  Mnutitain  tribes. 
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Plate  LXXXIX. 


Ute  or  Shosmonean  Quiver,  Bow,  and  Airow. 
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EXPLANATION    OF    PLATE    XC. 

Nbx  Pbkoi^  or  Sha^aptiam  Quivkh,  Buw,  ank  Akkhw,  with  Sinuous  Seiai^ 
Oroovf.. 

Fl((.  I.  Ql'i  vkr,  ott«r  akiu ;  bow  i:as«  aail  arrow  eiue  Mparate.  Kftch  of  these  is  » 
narrow  b.ig  with  the  Tiir  aide  of  the  ba<;outiTard.  The  bottom  or  the  bow 
case  has  n  broad  band  of  buckskin  with  red  flaDoe)  border*.  The  snrfaca 
of  tlie  buckskin  ia  covered  with  red,  blue,  green,  aod  white  beads  in  l>e«a- 
tiful  iiatterna.  The  biindolier  is  also  of  otter  skin  with  a  broad  border  of 
red  diinnel.  On  eitbtr  Bi<le  of  tbe  bandnlier,  and  from  the  lower  end  of 
the  bow  rase  and  arrow  rase,  are  lonfc  fringes  made  of  strips  of  otter  akin. 
The  fringe  of  the  bandolier  in  also  adorned  witb  a  band  of  bead  work  simi- 
lar to  that  ou  tiie  liow  case.  Tbe  upper  border  of  the  bow  case  and  th» 
arrow  case  are  alio  deionited  with  beadwork,  and  long  daps  of  rawbide 
entirely  covered  witli  beaded  patterns.  This  ia  a  very  beantifnl  oltJeet. 
Length  of  bow  case.  20incheai  arrow  case,  30  inches.  Length  ofbaDdolisr, 
8  feet. 

cm.  Nd,38«W,L'.  S.  K.  U.     Kwk.v  Monnuin  ld<lluii,tril»  unkaovu.    Cnllecta:  b; 

Dr.  Fred.  Kober. 

NoTR.— A  great  many  of  tbe  most  beautiful  objects  in  the  National  Museam  weta 

gathered  by  Army  oficers,  wbo  did  not  iilways  know  the  exact  tribe  ttoia  wbieh 

■pecimens   were   obtained.     Cjuivera   of  this   type  are  made   by   the   AlgonqoiMi 

Siounn,  Shoflhouean,  Salisban,  and  Shahaptian  tribes  of  MontAna^ 
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R  Shalaptiak  Quiveh,  Bow,  i 
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EXPLANATION    OF    PLATE    XCI 

McCwu'ii  liiVEii  (Gal,)  (/l'ivrh.  Sinkw-lineii  lto»,  aj 

Klii.  1.  Q[*tVBR,  mails  of  a  wliolo  ilcei-xkio  witb  bair  »i(Ie  iiiwanl.  The  ekhi  of  tbr 
lexs  has  l)een  left  oiihuiI  Hcrve  as  peodauta.  The  uioutli  iHseweil  up  nitU 
liiickakin  stiiiiga  ami  Ibe  c:ir8  prutnitle  from  tlie  nntiiirtn  Tbere  is  no 
distinction  l)etn-(«ii  Ibo  lio«-  case  and  airmr  case.  Tbe  wholf  forms  a 
bide  sack  in  wbicb  the  bows  aud  arroWB  are  kept  together.  The  bando- 
lier iH  II  mere  strip  of  Wnckskiu  ultnvbed  to  the  upper  borOer  and  Ibe  mtil- 
die  of  tbo  quirer.     Length :  40  inches. 

cm.  No.  19322.  U  S.  N.  M.    MtCloud  Kiver  Indlanx.  Copchan  otock.  Onlral  Cnlirn- 
ina.    Collertail  Uy  LKinsgloD  Sliine. 
Frnui  tbiB  point  soiithwanl  tbe  coiupouuil  quiver  disappears. 
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SfnitlWHilin  Rapoil,  1 


McClood  River  (C»l.'  Quivea.  Sihew-u"»ed  B.'*   i'v.'  F  •e£s-*'-tr  Ab'»c'w. 
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KXPI.ANATI(IK    OF    PLATK    XCII. 

Bow,    AXROWR,    AMI)    Ql.'IVKK    IIK    TIIK    HUFA    iHtllAKB,    OC    CaUKUKNIA. 

Buw  made  uf  jo"',  bniud  ami  tliiu  iu  tUe  middle  auil  tapering  toward  tbu  cuils, 
wbicli  nre  turned  back,  Tbe  uocka  are  wrapped  with  buckskin  and  trimmed  with 
(trips  of  otter  akin.  Tbe  back  of  tlie  bow  is  lined  with  shredded  sinew,  laid  ou  in 
glue  and  paiiiteil.  The  nrrowA  bitvu  been  descrilMd  in  tbe  plate  devoted  Iu  Califor- 
nia types. 

The  quiver  ia  luode  uf  the  ukiu  of  the  uuyute,  &ud  in  used  as  u  hag  fiT  buliliiig 
tbe  buws  and  nirowa.  Tbe  method  uf  Anishing  off  the  sinew  at  tbe  end  of  the  Imw 
nock  nnd  of  faHteniii)^  the  bowstring  is  shown  in  ttip  platr. 
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EXPLANATION'    i>F    PLATE    XCIII. 

Cl'MHEKI.AND   OlLF   K£KtMO    ytlVKIl,  SlNEW-BACKKD   BOW,  AND  TWO-t'LAT-FKATH- 

RREo  Arrow. 

FlU.  1.  Ql.'lVER,  ma^e  of  seal  akin  deprived  of  hair.  The  bow  case  ftud  armn  cnse 
nn>  Hepnratc.  Owiug  to  eiigeni-ies  of  thesfueiv-backed  bow  the  bow  case 
is  very  iHrge,  while  llii:  arrow  taae  is  very  short.  To  the  stiOencr  on  the 
bark,  by  iiiean»  of  two  (bon>;s  of  rawlildi'.  in  attached  a  wire  bandlo. 
probalily  taken  t^m  an  old  pail.  The  bow  tiisu  has  ii  ho<«l  for  inclosiug 
tbo  bow.     Leugtb :   bow  cose,  37  ibches ;  arrow  case,  25  inches. 

Cal.  No.  3V0IS,    C.  S.   N.   U.    Ealiiuio,   L'limbeHaiKl  C.ulf.    Cnllectsd  li.v   W.  A. 

It  will  be  reineiiil>oi«d  thnt  Mr,  Mnrdocb  calls  atti'DtioD  to  the  greater  simplicity 
of  the  eastern  Kskimu  bims.  Xoliue  also  the  purely  typical  Kskimo  Qat  leathers, 
ouu  OQ  e&ch  aide  of  the  llat  uock,  mode  ibi  the  Mediterraneuu  release. 
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EXPI.ANATTOX    OF    PLATE    XCIV, 

Fort  AsTiEiisc.s'  H>kimo  (^civkii.  Sivkw-iiackki)  llow,  ani>  Two-Fpatheu  IIaiired 
Aiiitow. 

Fio.  I.  QuiVKri  (moilcl);  b.-igof  iletTHkiii  without  Iheliiiir.  Made  iu  the  Blia|ioi>f  an 
oriltuar}  nrrowcniii'  with  a  IiuihI.  Along  llie  short  mnrgin  is  n  stifTencrof 
woihI.  Alon!^  thir  outer  iir  Ion gi^rniargiu  nro  rteoiu'utions  mitilo  by  siispoml- 
Ing  liin  falHi-  biiofs  of  ttio  doer  to  tiliort  Ihoii;;:!  of  bncktkin.  Diitidolicr, 
Himplo  «triiig  of  ran-hido  nttaclioil  to  the  hiiffriier,     LtDRtli,  20  iDches. 

rm.  Nci.  7*81,  TI.  8.N.  U.    Eskimo.  FnrI  Aiiiler-.m.  Cnnwin.    CnllKtwi  l.v  RoLl. 
itrFarlan--. 

NoTR. — This  mmlnl  of  a  quiver  coclflins  also  iiiiniiiture  BiDow-backeil  liow  nii.l 
nrmwH.bntthr'yaroallroiTurtly  mode  ill  imilatiiinnf  iii'i);innb.  Ainonjjtlio  £Hkiin->, 
•quivers  of  tliia  form  are  very  coiuuiou  and  aro  loug  ouuugtk  to  cuutaiu  thti  aixuiva 
und  the  bovr  withiu  tbe  bond. 
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Plate  XCIV. 


FOAT  Anderson  Eskimo  Quiver,  Sinew-backeo  Bow,  and  Two-feather  barbeo  Arrov-. 
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ORIENTAL    8CHOLAKSHIP    DURING    THE    PRESENT   CKN- 
TUKY.' 


By  Prof.  Fbedbbick  Max  MOllbk. 


-  ■  -  When  we  wish  to  espresa  sonietliing  removed  from  us  aa  far  ns 
itcan  be,  we  use  tlie  expression  "So  far  as  tlie  East  is  from  tlie  West" 
Now  what  we  who  arc  assembled  here  are  aiming  at,  wliat  may  be  called 
cor  real  raigim  d'etre,  is  to  bring  the  East,  whieh  tieems  so  far  from  ua, 
so  distant  from  us,  iiay,  often  so  i^trauge  and  indifferent  to  many  of  us, 
a8  near  as  possible — near  to  our  thoughts,  near  to  our  hearts.  Itseenis 
strange  indeetl  that  there  should  ever  have  been  a  frontier  line  to  sep- 
erate  the  East  frimi  the  West,  nor  isiteaHy  to  see  at  what  time  that  line 
was  first  drawn,  or  whether  there  were  any  physical  conditions  wbicb 
uecessitated  such  a  line  of  demarcation.  The  kuu  moves  in  unbroken 
continuity  from  East  to  We«t,  there  is  uo  break  in  bis  triumphant  prog- 
ress. Why  should  there  ever  have  beeu  a  break  in  the  triumphant 
progress  of  the  human  race  from  East  to  West,  and  how  could  that  break 
have  been  brought  about!  It  is  quite  true  that  as  long  as  we  know 
auytliing  that  deserves  the  name  of  history,  that  break  exists.  The 
Mediterranean  with  the  Black  Sea,  the  Caspian  with  the  Ural  Mouu- 
taius  may  be  looked  upon  as  the  physical  boundary  that  separates  the 
East  from  the  West.  The  whole  history  of  the  West  seems  so  strongly 
deteimined  by  the  Mediterranean,  tliat  Ewald  was  inclined  to  include 
all  Aryan  nations  under  the  name  of  Mediterranean.  But  the  Mediter- 
ranean ought  to  have  formed  not  only  the  barrier,  but  likewise  the 
connecting-link  between  Asia  and  Europe.  Without  that  high-road 
leading  to  all  the  emjioriaol'  the  world,  without  the  pure  and  refresh- 
ing bi-eezes,  without  the  infinite  laughter  of  the  Mediterranean,  there 
would  never  have  bet'n  an  Athens,  a  Itome;  there  wouhl  never  have 
b<«n  that  spirited  and  never-resting  Europe.  s<»  different  from  the  solid 
and  slowly -changing  Asiatic  continent.  Northern  Africa,  however, 
Egypt,  Palestine,  Plienlcia,  and  Arabia,  though  in  close  proximity  to 
the  Mediterranean,  belong  in  their  history  to  the  East,  quite  as  much  as 

'Extracts  rroni  inmixiiriil  uddreiui  by  the  president  of  tbn  lutttmatiotiol  CoDgraw 
of  Oriental UU,  l^uiluo,  1K92.     {Tran«tvlio«»  of  the  Congrttt.  vol.  i.) 
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Babylou,  Assyria,  Media,  Persia,  aiid  India.  Even  Asia  Minor  formed 
only  a  temporary  bridge  between  East  and  West,  which  was  drawn  up 
again  when  it  had  served  its  purpose.  We  ourselves  have  grown  np  so 
entirely  in  the  atmosphere  of  Greek  thought  that  we  hardly  feel  sur- 
prised when  we  see  nations  such  as  the  Phenicians  and  Persians,  looked 
upon  by  the  Oreeks  as  strangers  and  barbarians,  though  in  ancient  times 
the  former  were  far  more  advanced  in  eivilizatiou  than  the  Greeks,  and 
though  the  latter  spoke  a  language  closely  allied  to  the  language  of 
Homer,  and  possessed  a  religion  far  more  pure  and  elevated  than  that 
of  the  Homeric  Greeks.  The  Romans  were  the  heirs  of  the  Greeks,  and 
the  whole  of  Europe  succeeded  afterwards  to  the  intellectual  inherit- 
ance of  Bome  and  Greece.  Nor  can  we  disguise  the  fact  that  we  our- 
selves have  inherited  from  them  something  of  that  feeling  of  strange- 
ness between  the  West  and  the  East,  between  the  white  aud  the  dark 
man,  between  the  Aryan  and  the  Semite,  which  ought  never  to  have 
arisen,  and  which  is  a  disgrace  to  everybody  who  barbor-s  it.  No  one 
in  these  Darwinian  days  would  venture  to  doubt  the  homogeueous- 
ness  of  the  human  species,  the  brotherhood  of  the  whole  human  race; 
but  there  remaius  the  fact  that,  as  in  ancient  so  in  modern  times,  mem- 
bers of  that  one  human  species,  brothers  of  that  one  human  family,  look 
upon  e.ach  otiier,  not  as  brothers,  but  as  straugers,  if  not  as  enemies, 
divided  not  only  by  language  and  religion,  but  nUo  by  what  people  call 
blood,  whatever  they  may  mean  by  that  term. 

I  wish  to  point  out  that  it  constitutes  one  of  the  greatest  achievements 
of  Oriental  scholarship  to  have  proved  by  irrefragable  evidence  that 
the  complete  break  between  East  and  West  did  not  e^iist  from  the  begin- 
ning; that  in  prehistoric  times  language  formed  really  a  bond  of  union 
between  the  ancestors  of  many  of  the  Eastern  and  Western  nations, 
while  more  recent  discoveries  have  proved  that  in  historic  times  also, 
language,  which  seemed  to  separate  the  great  nations  of  antiquity, 
never  separated  the  most  important  among  theni  so  completely  as  to 
make  all  intellectual  commerce  and  exchange  between  them  impossible. 
These  two  discoveries  seem  to  me  to  form  the  highest  glory  of  Oriental 
scholarship  during  the  present  century,    -     -     ■ 

I  begin  with  the  prehistoric  world  which  has  actually  been  brought 
to  light  for  the  first  time  by  Oriental  scholarship. 

1  confess  1  do  not  like  the  expression  ^reAutoric.  It  is  a  vague  term, 
and  almost  withdraws  itself  from  definition.  If  real  history  begins  only 
with  the  events  of  which  we  possess  conteinporaneons  witnesses,  then, 
no  doubt,  the  whole  period  of  which  we  are  now  speaking,  and  many 
later  periods  also  would  have  to  be  called  prehistoric.  But  if  history 
means,  as  it  did  originally,  research  andknowleilge  of  real  events  based 
such  — ji^-"'-  then  the  events  of  which  we  are  going  to  speak  are 
as  real  af^  ^  truly  historical  as  the  battle  of  Waterloo.  It  is  often 
Bupjmsed '''  !>■        '  Oriental  languages  and  of  the  Science  of  Lan- 

We  have  learned  by  this  time  that  there 
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Ib  an  sncli  thing  as*'words  only,"  that  every  new  word  represented 
really  a  most  momentous  eveut  in  the  development  of  our  race.  What 
people  call  "  mere  words"  are  in  truth  tbe  monuments  of  the  fiercest 
intellectual  battles,  triumphal  arches  of  the  grandest  victories  won  by 
the  intellect  of  man.  When  man  had  formed  names  for  body  and  soul, 
for  father  and  mother,  and  not  till  then  did  the  first  act  of  human  his- 
tory begin.  Not  till  there  were  names  for  right  and  wrong,  for  God 
and  man,  could  there  bo  anything  worthy  of  the  name  of  human  society. 
Every  new  word  van  a  discovery,  and  these  early  discoveries,  if  bat 
properly  underst4}od,  are  more  important  to  us  than  the  greatest  cod- 
qnests  of  the  kings  of  Egypt  and  Babylon. 

Not  one  of  our  greatest  explorers  has  unearthed  with  his  spade  or 
pickaxe  more  splendid  palaces  and  temples,  whether  in  Egypt  or  in 
Babylon,  than  the  etymologist.  Every  word  is  the  palace  of  a  human 
thought;  and  in  scientific  etymology  we  possess  the  charm  with  which 
to  call  these  ancient  thoughts  haek  to  life.  It  is  the  study  of  words, 
it  is  the  S<'ience  of  Language,  that  has  withdrawn  the  curtain  which 
formerly  concealetl  these  ancient  timea  and  their  intellectual  struggles 
from  the  sight  of  historians.  Even  now,  when  scholars  speak  of  lan- 
gnageti,  and  families  of  languages,  they  often  forget  that  languages 
mean  speakers  of  languages,  and  families  of  si>eecli  presuppose  real 
families,  or  classes,  or  powerful  confederacies,  which  have  struggled 
for  their  existence  and  held  their  ground  against  all  enemies.  Lan- 
guages, as  we  read  in  tbe  book  of  Daniel,  are  the  same  as  nations  that 
dwell  on  all  the  earth.  If.  therefore,  (rreeks  and  Romans,  Celts,  Ger- 
mans, Slavs,  Persians,  and  Indians,  speaking  difiierent  languages,  and 
each  forming  a  separate  nationality,  constitnte,  as  long  as  we  know 
them,  a  real  historical  fact,  there  is  another  fact  equally  real  and  his- 
torical, though  we  may  refer  it  to  a  prehistoric  period,  namely,  that 
there  was  a  time  when  the  ancestors  of  all  these  nations  and  languages 
formed  one  compact  body,  speaking  one  and  the  same  language,  a  lan- 
^age  ao  real,  so  truly  historical,  that  without  it  there  would  never  have 
been  a  real  Greek,  a  real  Latin  language;  never  a  Greek  republic, 
never  a  Bi-iman  empire;  there  would  have  been  no  Sanskrit, no  Yed as, 
no  Avesta,  no  Plato,  no  Greek  New  Testament.  We  know  with  tbe 
same  certainty  that  other  nations  and  languages,  also,  which  in  histor- 
ical times  stand  before  us  so  isolated  as  Phenician,  Hebrew,  Babylon 
ian,  and  Arabic,  pre-suppose  a  pre- historic,  that  is,  an  antecedent 
powerful  Semitic  confederacy,  held  together  by  the  boudsof  a  common 
language,  possibly  by  the  same  laws,  and  by  a  belief  in  the  same  gods. 
Unleiss  the  ant^estors  of  these  nations  and  languages  had  once  lived 
and  worked  together  there  would  have  been  no  common  arsenal  from 
which  the  leading  nations  of  Semitic  history  could  have  taken  their 
armor  and  their  swords,  the  armor  and  swords  which  they  wielded  in 
their  intellectual  struggles,  and  many  of  which  we  are  still  wielding 
ourselves  in  our  wars  of  liberation  from  error  and  in  our  conquests  of 
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trutb.  These  are  Rt«rn,  immovable  facts,  jast  as  Mont  Blanc  is  a 
stem,  irremovable  fact,  tlioiigh  fnim  a  distaitce  ve  must  often  be  satis- 
fied witli  seeing;  its  gigautic  outline  only,  nut  all  its  glaciers  and  all  its 
crevasses.  Wbat  I  mean  is  that  Tve  must  not  attempt  to  discover  tou 
much  of  what  happened  thousands  of  years  ago,  or  strain  onr  sight  to 
see  what,  from  this  distance  in  time,  we  <'aii  not  see.     ■     - 

Nothing  bas  shaken  the  belief,  for  I  do  not  call  it  more,  that  ttie  old- 
est borne  of  the  Aryas  was  in  the  East.  All  theories  in  favor  of  other 
localities,  of  whtcli  we  have  beard  so  niueb  of  late,  whether  in  favor  of 
Scandinavia,  Russia,  or  Germany,  rest  on  evidence  far  more  precarioiu* 
than  tbnt  which  was  collected  by  the  founders  of  Comparative  Philology. 
Only  we  must  remember,  what  is  so  often  forgotten,  that  when  we  say 
Aryas  wo  predicate  nothing — we  can  predicate  nothing — but  language. 
We  know,  of  course,  that  languages  pre-supposespeakers,  but  when  we 
say  Aryas  we  say  nothing  about  skulls,  or  bair,  or  eyes,  or  skin,  as  little 
as  when  we  say  Cliristians  or  Mobammedaos,  Knglish  or  American.^. 
All  that  bas  been  said  and  written  about  the  golden  hair,  the  blue  eyes, 
and  the  noble  profile  of  the  Aryax,  is  pure  invention,  unless  we  are  pre- 
pared to  say  that  Socrates,  the  wisest  of  the  Greeks,  was  not  an  Arya, 
but  a  Mongolian.  We  ought,  in  fact,  when  we  speak  of  Arya»,  t«  shut 
our  eyes  most  cai-efully  against  skulls,  whether  doliehocephalio,  or 
brachycephalic,  or  niesiK-ephalic,  whether  orthoguathic,  prognathic,  or 
niesognathic.  We  are  completelyagiiostic  as  to  all  that,  and  we  gladly 
leave  it  to  others  to  discover,  if  they  can,  whether  the  ancest<»rsof  rbe 
Aryan  speakers  rejoiced  in  a  Neandcrtbal  or  any  other  kind  of  skull 
that  has  lieen  discovered  in  Europe  or  Asia.  Till  people  will  learn  this 
simple  lesson,  which  bas  been  inculcated  for  years  by  such  high  authori- 
ties as  Horatio  Hale,  Powell,  and  Brin  ton,  alt  discussions  on  the  original 
home  of  the  Aryas  are  so  much  waste  of  time  and  temper. 

There  is  the  Siune  ditlVrence  of  opinion  as  to  the  original  home  of  tbe 
Semites,  but  all  Semitic  scholars  agree  that  it  was  "  somewhere  in  Asia." 
Tbe  idea  that  the  Semites  proceeded  from  Armenia  bas  banlly  any 
defenders  left,  though  it  is  founded  on  an  ancient  tradition  preserved 
in  Genesis.  Aneininentscholar,  wboat  the  lastmomentwas prevented 
by  domestic  affliction  from  attending  our  Congress,  Prof.  Guidi,"  holds 
that  the-  Semites  came  probably  from  the  Lower  Euphrates.  Other 
Bcbolars,  particularly  Dr.Sprenger,  placed  tbe  Semitic  cradle  in  Arabia. 
Prof.  Noldeke  takes  much  the  same  view  with  regard  to  tbe  borne  of 
tbe  Semites,  which  I  take  with  regard  to  the  home  of  the  Aryas.  We 
can  not  with  certainty  fix  on  any  parti<-ular  simt,  bnt  that  it  was  "  some- 
where ill  Asia''  no  scholar  would  ever  doubt. 

It  is  well  known  also  that  scnne  high  aiUhorities,  I>r,  Uommel,  for 
instance,  and  Pn>f.  Schmidt,  hold  that  the  ancestors  of  the  Semites  and 
Aryas  must  for  a  ttn>e  have  lived  in  close  proximity,  which  would  lie  8 

,  "rtwt'eiliiitCNorthr  Ai-radi'IDia  (lei  Uucei," 
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new  con  firm  at  ion  of  the  Aeiatic  origin  of  the  Aryas.  But  wc  hanlly 
want  that  additiunal  Knp|>ort.  Benfey's  arguments  in  favor  of  a  Euro- 
pean origin  of  the  Aryas  were,  no  doabt,  very  ingenious.  But,  as  bis 
objcfrtious  have  now  been  answere^l  by  one,*  the  old  arguments  for  an 
A»iatie  liome  seem  t^i  me  to  bave  considerably  gained  in  strength.  I, 
at  all  events,  can  no  longer  Join  in  the  jubilant  chorus  that,  like  all 
good  things,  oar  noble  ancestors,  the  Aryas,  came  from  Germany.  Dr. 
Schra<ier,  who  is  oft«n  quot^^d  as  a  decided  sapi>orter  of  a  European 
origin  of  t  lie  Aryas,  is  far  tiio  conscientious  a  scholar  to  say  more  than 
that  all  he  biis  written  on  the  subject  should  be  considered  "  as  purely 
tentative."    (Treface,  p.  vi.) 

With  repird  to  time,  our  difficulties  are  greater  still,  and  to  attempt 
to  solve  difficulties  which  can  not  be  solved,  seems  to  me  no  better  than 
the  old  attempt  to  square  the  circle.  If  people  are  satisfied  with 
approximate  estimates,  such  as  wo  are  accustomed  to  in  geoloj:y,  they 
may  say  that  some  of  the  Aryan  languages,  such  as  Sanskrit  in  India, 
Zend  in  Media,  must  have  been  finished  and  used  metrical  form  about 
2000  B.  c.  Greek  followed  Noon  after.  And  when  it  is  said  that  these 
languages  were  finished  'MUO  B.  C,  that  means  simply  that  they  had 
become  independent  varieties  of  that  typical  Aryan  language  which 
had  itself  reached  a  highly  flni.-4lied  atate  long  before  it  was  broken  np 
into  these  dialects.  This  typical  language  has  been  called  the  Pritlo- 
Aryun  language.  \Ve  are  often  aNktKl  why  it  should  be  imgiossible  to 
calculate  how  many  centuries  it  must  have  taken  before  that  I'roto- 
Aryan  laugtnige  could  liave  become  so  differentiated  and  so  widely  <1iver- 
gent  as  Sanskrit  is  from  Ureck,  or  Latin  from  Gothic.  If  argued 
geologically,  we  might  say,  uo  doubt,  that  it  t<Htk  a  thousand  years  to 
produce  so  small  a  divergence  as  that  between  Italian  and  French,  and 
that  therefore  many  thousands  of  years  would  not  suffice  to  account 
fr»r  such  a  divergence  as  that  between  Sanskrit  and  Greek.  We  might, 
tbei-efore,  boldlj-  place  the  first  diveigence  of  the  Aryan  languages  at 
5000  B.  c,  and  refer  the  united  Aryan  period  to  the  time  before  5(KM) 
B.C.  That  period  again  would  rei|uire  many  thousands  of  ye^rs,  if  we 
are  to  account  for  all  that  had  ali-eady  become  dead  and  purely  formal 
in  the  Pnito-Aryun  language  before  it  began  to  break  up  into  its  six 
ethnic  varieties,  that  is,  into  Celtic,  Teutonic,  Slaronu;  Greek,  Latin, 
and  Inilo-Kranu:    ■     -    - 

If  then  we  miiiit  follow  the  example  of  geology  and  fix  chronological 
limits  for  the  growth  of  the  Proto- Aryan  langimge  previous  to  the  con- 
solidation of  the  six  natioiint  langaages  1«,0(HI  b.  c.  would  by  no  means 
be  t^M  distant  as  to  the  probable  limit  of  what  I  should  call  our  his- 
torical knowledge  of  the  existence  of  Aryan  s)ieakers  somewhere  iu 
Asia. 

And  what  apiilies  to  those  Aryan  speakers  applies  with  even  greater 

force  to  the  Semitic,  Iwciinse  the  earliest  monuments  of  Semitic  speech, 

■■'Tlirei!  letturea  on  the  8ci«iiceof  language,"  pp.60  etteq,  . 
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differentiated  as  Babylonian,  FbeaiciaD,  Hebrev,  and  Arabic,  go  back, 
as  we  are  told,  far  beyond  the  earlieBt  docnments  of  Sanskrit  or  Greek. 
Here  alao  we  must  admit  a  long  i>eriod  previoiis  to  tlie  formation  of  the 
great  national  languages,  bet^ause  thus  only  can  the  fact  be  accounted 
for  that  on  many  points,  so  modem  a  language  as  Arabic  is  more  primi- 
tive than  Hebrew,  while,  in  other  grammatical  formations  Hebrewismore 
primitive  than  Arabic." 

Whether  it  is  possible  that  these  two  linguistic  consolidations,  the 
Aryan  and  Semitic,  came  originally  from  a  common  source  is  a  question 
which  scholars  do  not  like  to  ask,  because  they  know  that  it  does  not 
admit  of  a  scholar-like  answer.  No  scholar  would  deny  the  possibility 
of  an  original  community  between  tlie  two  dnriog  their  radical  period, 
and  previous  to  the  development  of  any  grammatical  forms.  But  the 
handling  of  this  kind  of  linguistic  protoplasm  is  not  congenial  to  the 
student  of  language,  and  must  be  left  to  other  hands.  Still,  such  an 
attempt  should  not  be  discouraged  altogether,  and  if  they  are  carried  out 
in  the  same  spirit  in  which  in  the  last  number  of  the  "c^oumaJ  o/tke  Qer- 
man  (h^ental  Society"  Prof.  Erman  has  tried  to  prove  a  close  relation- 
ship between  Semitic  and  Egyptian,  they  deserve  the  highest  credit. 
Another  question  also  which  carries  us  back  still  further  into  unknown 
antiquity — whether  it  is  possible  to  account  for  the  origin  of  languages, 
or  rather  of  human  speech  in  general — is  one  which  scholars  eschew, 
because  it  is  one  to  be  handled  by  philosophers  rather  than  by  students 
of  language.  I  must  confess,  the  deeper  we  delve,  the  farther  the  solu- 
tion of  this  problem  seems  to  recede  from  our  grasp ;  and  we  may  here 
too  learn  the  old  lesson  that  our  mind  was  not  made  to  grasp  begin- 
nings. We  know  the  beginnings  of  nothing  in  this  world,  and  the  prob- 
lem of  the  origin  of  language,  which  is  but  another  name  for  the  origin 
of  thought,  evades  our  comprehension  quite  as  much  as  the  problem  of 
the  origin  of  our  planet  and  of  the  life  upon  it,  or  the  origin  of  space 
and  time,  whether  without  or  within  ns.  History  can  dig  very  deep, 
but,  like  the  shafts  of  our  mines,  it  is  always  arrested  before  it  has 
reached  the  very  lowest  stratum.  Students  of  language,  and  particu- 
larly students  of  Oriental  languages,  have  solved  the  problem  of  the 
origin  of  species  in  language,  and  they  had  done  so  long  before  the  days 
of  Darwin;  but  like  Darwin,  they  have  to  accept  certain  original  germs 
as  given,  and  they  do  not  venture  to  pierce  into  the  deepest  mysteries 
of  actual  creation  or  cosmic  beginnings. 

And  yet,  though  accepting  this  limitation  of  their  labors  as  the  com- 
mon fate  of  all  human  knowledge,  Oriental  scholars  have  not  altogether 
labored  in  vain.  No  history  of  the  world  can  in  future  be  written 
without  its  introdnctory  chapter  on  the  great  consoUdations  of  the 
ancient  Aryan  and  Semitic  speakers.  That  chapter  may  be  called 
""ehistoric,  bot  the  facts  with  which  it  deals  are  thoroughly  historical, 
I  say  once  moio,  in  the  eyes  of  the  student  of  language,  they  are 


*  See  Driyer,  H^trtw  lauu,  p.  132. 
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tbeni,  and  1  doubt  whether  anybody  here  present  would  deny  that  it  is 
due  in  the  &rt4t  place  to  Oriental  scholars,  such  as  Sir  W.  Jones,  Cole- 
brooke,  Schle^l,  Bopp,  Burnouf,  Lassen,  and  Kuhn,  if  ve  now  have  a 
whole  period  abided  to  the  history  of  tlie  world,  if  we  now  can  prove 
that  long  before  we  knew  anything  of  Homeric  Greece,  of  Vedic  India, 
of  Persia,  Greece,  Italy,  and  all  the  rest  of  Europe,  there  was  a  real 
historical  community  formed  by  the  speakers  of  Aryan  tongaes,  that 
they  were  closely  held  together  by  the  iKtads  of  a  common  speech  and 
common  thoughts.  It  is  equally  due  to  the  industry  and  genins  of 
Oriental  scholars,  such  us  De  Sacy,  Gescnius,  Ewald,  and  my  friend 
the  late  Prof.  Wright,  if  it  can  no  longer  be  doubted  that  the  ancestors 
of  the  speakers  of  Babylonian  and  Assyrian,  Syriac,  Hebrew,  Pbeoi- 
elan,  and  Arabic  formed  once  one  consolidated  brotherhood  of  Semitic 
speech,  and  that  however  different  tliey  are  when  they  appear  for  the 
first  time  in  their  national  costumes  on  the  stage  of  history  they  could 
once  understand  their  common  words  and  common  thoughts  like  mem- 
bers of  one  and  the  same  family.  Surely  this  Ik  an  achievement  on 
which  Oriental  scholarship  lias  a  right  to  take  pride,  when  it  is  chal- 
lenged to  prodnce  its  title  to  the  gratitude  of  the  world  at  large. 

If  we  now  turn  our  attention  to  another  tield  of  Oriental  st^holarship 
<irlii<^li  has  been  fruitful  of  results  of  the  greatest  importance  to  the 
student  of  history,  and  to  the  world  at  large,  we  shall  be  able  to  show, 
liot  indeed  that  Oriental  scholars  have  createil  a  wtiole  period  of  his- 
tory, as  in  the  case  of  the  Aryas  and  Semites,  before  their  respective 
separation,  but  that  they  have  inspired  the  oldest  period  in  the  history 
of  the  world  with  a  new  life  and  meaning.  Instciid  of  learning  by 
heart  the  unmeaning  names  of  kings  and  the  dates  of  their  battles, 
whether  in  Kgypt,  or  Babylon,  in  Syria  and  Palestine,  we  have  beea 
enabled,  chiefly  through  tlie  marvellous  discoveries  of  Oriental  scholarB, 
to  watch  their  most  secret  thoughts,  to  comprehend  their  motives,  t« 
listen  to  their  prayers,  to  read  even  their  private  and  confidential 
letters.  Think  only  what  ancient  l*^ypt  was  to  us  a  hundred  years 
ago!  A  Sphinx  buried  In  a  desert,  with  hardly  any  human  features 
left.  And  now,  not  only  do  we  read  the  hieroglyphic,  the  hieratic,  and 
demotic  inscriptions,  not  only  do  we  know  the  right  names  of  khigs  and 
queens  40()0  or  60UU  years  b.  c,  but  we  know  their  gods,  their  worship; 
we  know  their  laws  and  their  poetry;  we  know  their  folk-lore  and  even 
their  novels.  Their  prayers  are  lull  of  those  touches  which  make  the 
whole  world  feel  akin.  Here  is  the  true  Isis,  here  Is  Human  Nature, 
unveiled.  The  prayers  of  Babylon  are  more  formal ;  still,  bow  much 
more  living  is  the  picture  they  give  us  of  the  humanity  of  Babylon  and 
Nineveh,  than  all  the  palaces,  temples,  and  halls  I  And  as  to  India, 
think  what  India  was  to  the  scholars  of  the  last  century  I  A  name  and 
not  much  more.     And  now!    Not  only  have  the  ancient  inhabitants 

msed  to  be  mere  idolaters  or  niggers;  they  have  t>eeD  recognized  as 

ir  brothers  in  language  and  thought. 

DigmzedbyGoOgle 


OEIENTAL  SCHOLARSHIP  DUBING  THE  PRESENT  CENTURY.       689 

The  Veiln  tintt  revealed  to  us  tbe  earliest  pliasen  in  tlie  history  of 
oatiiral  i  etigioii,  and  has  placed  in  our  hands  the  only  safe  key  to  the 
secrets  of  Aryan  mythology.  Najr,  I  do  not  hesitate  to  say  that  there 
are  rays  of  lii^rlit  in  the  TJpanishads  and  in  the  ancient  philoHophy  of 
the  Vedfiuta  which  will  throw  new  light,  even  to-day,  on  some  of  the 
problems  nearest  to  onrown  hearts.  And  not  only  has  each  one  of  the 
ancient  Oriental  Kingdoms  beeti  reanimated  and  made  Ut  st>eak  to  us, 
like  the  gray,  crumbling  statue  of  Memnon,  when  touched  by  the  rays 
of  dawn,  but  wo  have  also  gained  a  new  insight  into  the  mutual  rela- 
tions of  the  principal  nations  of  antiquity.  Formerly,  when  we  had  to 
read  the  history  of  the  world,  every  one  oC  tbe  great  Kingdoms  of  the 
East  seemed  to  stand  by  itself,  isolated  from  all  the  rest,  having  its 
own  past,  unconnected  with  the  i>ast  history  of  other  countries. 

Chiiw,  for  instance,  was  :i  world  by  itself.  It  had  always  been  inhab- 
ited by  a  peculiar  people,  different  in  thought,  in  language,  and  in 
writing  even  from  it«  nearest  neighboi's. 

Egypt,  in  the  gray  morning  of  antiquity,  seemed  to  standalone,  like 
a  pyramid  in  a  deseit,  self  contained,  proud,  and  without  any  interest 
in  the  outside  world,  entirely  original  ni  its  language,  its  alphabet,  its 
literature,  its  art,  and  its  religion. 

India,  ngain,  has  always  been  a  world  by  itself,  cither  entirely 
unknown  to  the  Northern  nations,  or  Kurrnunde<l  in  their  eyes  by  a 
gohlen  mist  of  fabte  and  mystery. 

Tlie  same  applies  more  or  less  to  the  great  MesoiHttamiau  Kingdoms, 
to  Biifiylon  and  Ninereli.  They,  Uw,  have  their  own  language,  their 
own  alphabet,  their  own  religion,  their  own  art.  They  seem  to  owe 
nothing  to  anybody  else. 

It  is  somewhat  different  with  Metfiu  and  Persia,  but  this  is  chiefly 
due  to  our  knowing  hardly  anything  of  these  countries  before  they 
appear  in  conflict  witli  their  neighbors,  either  as  conquerors  or  as  con- 
quered, on  the  ancient  battle-fields  of  history. 

In  facr,  if  we  look  at  the  old  maps  of  the  aucieut  world,  we  see  them 
colored  with  different  and  strongly  contrasting  colors,  which  admit  of 
no  shading,  of  on  transition  from  one  to  the  other.  Every  country 
seemtnl  a  world  by  itself,  and,  so  far  as  we  can  judge  from  the  earliest 
traditions  which  have  reached  us,  each  nation  claimed  even  its  own 
independent  creation,  whether  from  their  own  gods,  or  from  their  own 
native  soil.  China  knows  nothing  of  what  is  going  on  in  Babylon  and 
Egypt;  Egypt  hanlly  knows  tbe  name  of  India;  India  hmks  upon  all 
that  is  beyond  the  Himalayan  snows  as  fabuhms,  while  the  .lews,  more 
than  all  tlie  rest,  felt  themselves  a  peculiar  people,  the  chosen  people 
of  God. 

L'otil  hitely,  if  il  was  asked  whether  there  was  any  eommunication 

at  all  between  the  lea<ling  historical  nations  of  the  East,  the  answer 

was  that  no  communicatiim,   no  interchange  of  thought,  no  mutual 

induence  was  possible,  because  language   placed  a  barrier  betweeu 
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them  whic'U  iiiude  couiiuuiiii;»tiou,  and  more  partii-ularly  free  intellec- 
tual intercourse,  entirely  impoi^sible. 

If  therefore  it  seemed  tliat  some  of  these  aucieut  uatiuns  shared 
certain  iileas,  behef«,  or  customs  in  eommoii,  tbe  answer  always  was 
thiit  tliey  could  not  have  borrowed  one  from  the  other,  because  there 
was  really  no<;hauuel  through  which  they  could  have  communicated,  or 
borrowed  frum  each  other  by  means  of  a  rational  ai;d  continuous  <m>ii- 
verse.  Thanks  to  the  more  recent  researches  of  Oriental  scholars,  this 
is  no  longer  so.  One  of  the  tirst  and  one  of  the  strongest  proofs  that 
there  was,  in  very  ancient  times,  a  very  active  intellectual  intercourt-e 
between  Aryan  and  Semitic  nations,  is  the  Greek  Alphabet.  TheGreeks 
never  made  any  secret  ol'  their  having  borrowed  their  letters  from 
Phenician  schoolmasters.  They  called  their  letters  Phenician,  as  we 
call  our  numeri<;al  figures  Arabic,  while  the  Arabs  called  them  fudiau. 
The  very  name  of  A  Iphabet  in  Greek  is  the  best  proof  that  at  the  time 
when  the  Greeks  were  the  pupils  of  Phenitian  writing-masters,  the 
secondary  names  of  the  Semitic  letters,  Aleph,  Beth,  Gimel,  Baleth,  hud 
already  been  accepted.  Originally  the  Aleph  was  the  picture  not  of  a 
bull,  but  of  an  eagle;  Beth  not  of  a  house,  hut  of  another  bird ;  Giniel 
not  of  a  camel,  but  of  a  vessel  with  a  handle;  Oaleth  of  a  stretched 
out  hand.  This  intercouiKe  between  Pbenicians  and  Greeks  must  have 
taken  place  previous  to  the  beginning  of  any  written  literature  in 
Greei^e,  previous  thcrefoi-e  to  the  seventh  century  at  least.  When  we 
spe.ik  of  Greeks  and  Piieniciaus  in  general,  we  must  ^ard  against 
thinking  of  whole  nations,  or  of  large  numbers.  Tbe  work  of  liumauity 
in  the  past,  more  even  than  in  the  present,  was  carried  on  by  the  few, 
not  by  the  iiiauy,  by  what  Disraeli  called  "  the  men  of  light  and  lead- 
ing," the  so-tMilled  Path-makers  of  the  ancient  world.  They  represent 
nij  known  millions,  standing  behind  them,  as  a  Commander- in-chief  rep- 
resents a  whole  army  that  follows  him.  The  important  point  is  that  in 
the  alphabet  we  liave  before  us  a  tangible  document,  attesting  a  real 
communicaiion  between  these  leaders  of  progress  and  civilization  in 
the  East  and  in  the  West,  a  bridge  between  Phenicia  and  Greece, 
between  Semitic  and  Aryan  people.  The  name  of  the  letter  Alpha  in 
the  Greek  alphabet  is  a  more  irresistible  proof  of  Pheni(^ian  influence 
than  all  the  legends  about  Kadmos  and  'J  hebes,  about  a  Phenician 
Herakles  or  a  Phenician  Aphrodite.  It  is  strange  that  not  one  of  the 
classiud  scholars  who  have  written  on  the  traces  of  Phenician  influence 
in  the  religion  and  mythology  of  Greece  should  have  avaih-d  himself 
of  the  Greek  alphaliet  as  the  most  palpable  proof  of  a  real  and  most 
intimate  interconrHe  between  the  Plienicians  and  the  early  inhabitants 
of  Greece. 

But  their  discoveries  bwe  o|iened  even  wider  vistas.     It  was  one  of 

the  most  brilliant  achi9i^{~y^  dii(>^  the  genius  of  the  Vicomt«de 

Roni;e  to  have  shown  t^L  At  ''''Covered   many  things,  the 

■ians  did  notdisc>  "^^VI^HUie  alphabet.     Brokenarches 
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of  tlie  same  bridge  that  le<l  from  Plienicia  to  Greece  liavt>  been  laid 
bare,  and  tliey  lead  clearly  from  Phenicia  back  to  Egypt.  It  ia  well 
known  that  eveB  ttie  aticieuts  hardly  ever  doubte<l  that  the  alphabet 
was  originally  discovered  in  Egypt  and  carried  from  thence  by  the 
Phenicians  to  Ureece  and  Italy.  Ptato,  Diodorus  SiculiiH,  Plutarch, 
and  Gellius,  all  speak  of  Egypt  as  the  cradle  of  the  alphabet,  and  Taci- 
tn>i{A>malg,  xi.  14),  who  seems  to  have  taken  a  special  interest  in  this  sub- 
ject, is  most  explicit  on  that  i>oint.  It  wiis  supposetl  for  a  time  that  the 
Egyptians  simply  took  certain  hieroglyphic  signs,  and  made  them  stand 
for  their  initial  letters.  This  was  called  tlie  akrological  theory,  but  it 
is  no  longer  tenable.  Tlie  al|>habet  was  never  a  discovery,  in  the  usual 
sense  of  the  word;  it  was  like  all  the  greatest  discoveries,  a  natural 
gniwth.  It  arose,  without  any  intentional  effort,  from  the  employment 
of  what  are  called  complimentary  hieroglyphics.'     ■     ■     ■ 

What  the  Vicorate  de  Koug6  did,  was  to  select  the  most  ancient 
forms  of  the  Pbeoician  alphabet,  as  they  are  found  on  the  Karcopbagus 
of  Eshmuuezar  (or  better  still,  on  the  Stone  of  Mesha,  which  was  not 
known  in  his  time),  and  to  show  bow  near  they  came,  not  indeed  to  the 
most  ancient  hieroglyphics,  but  to  certain  hieratic  cursive  signs  which 
have  the  same  phonetic  values  as  their  corresponding  Phenician  letters. 
This  was  a  moat  brilliant  discovery,  and  I  still  possess  a  very  scarce 
paper  which  he  sent  me  in  1859.  He  never  published  a  frill  account  of 
his  discovery  himself,  but  after  his  death  his  notes  were  published  by 
his  son  in  1874. 

I  know  quite  well  that  some  scholars  have  remained  skeptical  as  to 
the  Egyptian  origin  of  the  Phenician  letters.  My  friend  Lepsius  was 
never  quite  convinced.  Atteinpts  have  been  made  to  derive  the  Plietd- 
tian  letters  from  a  cuneiform  source  or  from  the  Cypriote  letters,  but 
the  result  has  hitherto  been  far  from  satisfactory.  Tbe  Phenician  let- 
ters nnist  have  had  ideographic  antecedents.  Where  are  we  to  look 
ibr  them,  if  not  in  Eg,vptT  What  has  always  made  me  feel  convinced 
that  Itouge  was  right  is  the  fact  that  we  have  to  deal  with  a  series, 
and  that  15  out  of  the  ^.t  letters  of  this  series  are  almost  identical 
in  I'henician  and  in  Egyptian.  We  are  |>erfectly  Justilied,  there- 
fore, in  making  a  certain  aUowance  for  stmie  modificathnis  in  the 
rest.  These  modifications  are  certainly  not  greater  than  the  nioditica- 
tions  which  the  Phenician  letters  underwent  later  in  their  travels  over 
tlie  whole  civilized  world.  But  there  is  another  argument  in  Rouge's 
favor  whicli  has  often  been  ignored,  namely,  the  fact  that  the  Kgyptians, 
whenever  they  bad  to  transcribe  foreign  words,  have  tixed  in  many  cases 
on  the  identical  letters  which  served  as  the  prototypes  of  the  Phenician 
alphabet.  This  fact,  first  pointed  out  by  Dr.  Hincks,  is  one  of  the  many 
valuable  services  which  that  ingeninna  scholar  has  rendered  to  hiero- 
glyi>hic  studies;  and  the  Vicomte  de  Uotig^  has  been  the  first  to 
acknowletlge  how  much  his  own  diwovery  owes  l4t  the  lal>ors  of  Dr. 
'Hincks,  Eggptian  Alphabet,  p.  7.  ,-^  , 
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Hiiicks,  particularly  to  liis  paper  on  the  Egyptian  alphabet  published  in 
"  The  TransacUoHH  of  the  Irish  Aeatiemy  in  1847."  AH  the  facta  c-<iDcerii- 
iiig  the  history  of  tlie  alphabet  have  been  rarefiilly  put  together  in 
Lenormaiit'3  great  work,  "iJjwfl*  ««»■  /a  Propagation  de  P Alphabet  PhSnt- 
cieuj"  Here,  then,  we  have  li  <dcar  line  of  coinniuuication  between 
Egypt,  I'henicia,  and  Greece,  which  Oriental  R<;holarsbip  has  laid  bare 
before  our  eyes.  To  judge  from  the  ohanicter  of  the  hieratiu  letters  aa 
copied  by  the  Plienicians,  the  copying  mast  have  taken  place  al>oiit  the 
nineteenth  century  B.  c* ;  according  to  others,  even  at  an  earlier  date. 
It  is  well  kiniwn  that  hieroglyphic  writing  for  monumental  purimses 
goes  back  in  Kgypt  to  the  Fourth,  or  even  the  Second  Dynasty),  and  od 
these  earliest  inscriptions  we  not  only  find  the  hieroglyphic  system  of 
writing  fully  developed,  bnt  we  actually  see  hieroglyphic  pictures  of 
paper|aDd  books,  of  inkstands  and  {tens.  Buthereagain  the  beginnings 
escape  UH,  and  tlie  origin  of  writing,  though  we  know  tbe  conditions  under 
which  it  took  jdace  withdraws  itself  from  our  sight  almost  as  nim-U  as 
the  origin  of  langnago  itself.  The  question  has  been  asked  whether,  a& 
the  oldest  cuneiform  writing  clearly  betrays  an  ideographic  origin,  its 
first  germs  could  be  traced  back  to  the  ideographic  alphabet  of  Egypt. 
This  would  make  Egypt  the  schoolmaster,  or  at  least  the  older  school- 
fellow of  the  Mesopotamian  Kingdoms.  But,  whatever  the  future  may 
disclose,  at  present  Oriental  scholarship  has  no  evidence  with  which  to 
confirm  sucb  a  hypothesis. 

The  same  applies  to  another  hy{HithesiN  which  has  been  advocated 
with  great  ingenuity  by  one  of  the  members  of  our  Congress,  M.  Terrien 
de  Lacoupcrie.  He  thinks  it  iiossible  to  show  that  the  oldest  Chinese 
letters,  which,  as  is  generally  a<lmitted,  had  an  ideographic  beginning 
like  that  of  the  Egj'ptiau  hieroglyphics,  owetl  their  first  origin  to 
Babylon.  It  is  geuemlly  supi>osed  that  the  cuneiform  alphabet  used 
by  the  Semitic  inhabitants  of  Babylonia  and  Assyria  was  invented  by 
a  non-Semitic  race  called  Sumerians  and  Accadians.  Whether  the 
(■huiese  burrowed  from  these  races  or  from  the  Babylonians  is  difti«-iilt 
to  decide.  It  must  likewise  remain  for  the  present  an  open  question 
whether  these  Sumerians  and  Accadians  can  be  identified  with  a  race 
dwelling  originally  in  the  North  and  East  of  Asia.  There  are  scholars 
who  pla^-e  the  original  home  of  the  Accadians  on  the  Persian  Gulf, 
though  the  evidence  for  this  view  also  is  very  weak.  We  must  uot 
fiirget  that  ideographs,  such  as  pictures  of  the  sun  and  moon  or  of  the 
superincumbent  sky.  of  mountains  and  plants,  of  the  month  and  nose, 
of  eyes  and  ears,  niu.st  of  necessity  share  certain  features  in  commoo 
in  whatever  country  they  are  used  for  hieroglyphic  purposes.  The 
scholar  has  the  same  feeling  with  regard  to  these  very  general  ideo- 

'  -ticv       reswhich  hehaswith  regardto  the  very  indefinite  roots  of 

Egypliennede  VAtphabrI  rhtniaea,  IKTl,  p.  108. 
Oxford  iH  a,  niouuniuDt  of  thu  Stwuud  Uy  nasty. 
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laiiRuiige  wliicli  are  supposed  to  be  shared  in  common  by  the  Semitic 
and  Aryan  families  of  sjieecli.  Both  are  Uio  protwplaatic,  tno  jelly- 
like, too  indefinite  for  scientiflc  handling.* 

Still  no  researches,  if  only  carried  on  methodically,  Nhould  be  dis- 
coiuiigeil  a  priori,  and  we  must  always  be  willing  to  learn  new  lessons 
however  iniieli  they  may  shock  our  inherited  opinions. 

It  is  not  .so  very  long  ago  that  the  best  Semitic  scliohirs  stood  agliaHt 
at  the  idea  that  the  cuneiform  letters  were  borrowed  from  a  non-Semitic 
race,  and  that  some  of  the  cuneiform  inscriptions  should  contaiu  speci- 
mens of  a  non-Semitic  or  Aecadiaii  language.  We  have  got  over  this 
snrprise,  and  though  there  are  still  some  formidable  skeptics,  the  faet 
seems  now  generally  recognized  that  there  wiis  in  very  ancient  times 
an  intercourse  between  the  Semitic  and  non-Semitic  racesof  Asia  as 
there  was  between  the  Kgyptians  and  the  Plieiiicians,  and  between  the 
Phenicians  and  Greeks,  that  is,  between  the  greatest  people  of  antiq- 
uity, and  that  these  non-Semitic  people  or  Accadians  were  really  the 
schoolmasters  of  the  founders  of  the  great  Mesopotaminn  kingdoms. 
Pmt  though  we  must  for  tlie  present  consider  any  connection  between 
Chinese  and  Babylonian  \Kriting  as  extremely  doubtful,  there  can  be  no 
doubt  as  to  the  rapid  advance  of  the  cuneiform  system  of  writing  itself 
from  East  to  We.st.  This  wonderful  invention,  men*  mysterious  even 
than  the  hieroglyphic  alphabet,  soon  overflowed  the  frontiers  of  the 
Mesopotamian  kingdoms,  and  found  its  way  into  Persia  and  Armenia, 
where  it  was  used,  though  for  the  purpose  of  inscriptions  only,  by 
people  siwaking  both  Aryan  and  nou  Aryan  languages.  Here,  then, 
we  see  an  ancient  intercourse  between  people  who  were  formerly  con- 
sidered by  all  historiaus  as  entirely  separate,  and  we  are  chiefly 
indebted  to  Knglish  scholars,  such  as  RawlinKon,Norris,Sayce,  Pinches, 
and  (rtliers,  for  having  brought  to  light  some  of  the  ruins  of  that  long 
biiried  bridge  on  which  the  thoughts  of  the  distant  Kast  may  have 
wandered  toward  the  Went. 

Few  generations  have  witnessed  so  many  discoveries  iu  Oriental 
8"h()lar.ship,  and  have  lived  through  so  many  surprises,  as  our  own.  If 
any  two  countries  seemed  to  have  been  totally  separated  in  ancient 
times  by  the  linrriers  both  of  language  antl  writing  they  were  Egj-pt 
with  its  hieroglyidiic  and  Babylon  with  its  arrow-headed  literature, 
We  only  knew  of  one  communication  between  Egypt  and  its  imwerful 
neighbors  and  enemies,  carried  on  through  the  inarticulate  and  mur- 
derous language  of  war,  of  spears  and  arrows,  but  not  of  arrow-heade<l 
writiTigs.  Who  could  have  supposed  that  the  rows  of  wedges  covering 
the  cylinders  of  Babylonian  libraries,  wliich  have  taxed  the  ingenuity 
of  our  cleverest  decipherers,  were  read  without  any  apparent  difficulty 
by  scribes  and  scholars  in  Egypt  at>out  1500  B.C.!     Yet  we  possess 

' Profenior  Hoiiimrl.  in  liin  i)iii(iT  siilnnifted  to  our  Congress,  ha«  poiiiteil  ont  Htrik' 
iiiKRiiiiilnritinH  !"■!  wn.-ii  Kgyfiliaii  liicniKlyphics  niiil  coiri'sponiliiig  llubylimian  i«J«o- 
grapbs.     WUii  wiistliuiiiv,-iih.riinrl  wh..  (ho  UorrovioT,  adhuoub  judice  '^>')(-,q[(- 
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DOW  in  tlie  tablets  fmiud  at  Tel-el-Amarua,  in  Egj'pt,  a  kind  of  diplo- 
matic correspondence,  carried  on  at  tliat  early  time,  n>ore  tbaii  si  thou- 
sand years  before  tlie  invasion  of  Greece  by  Persia,  between  tlie  kings 
of  Egypt  and  their  friends  and  vassals  in  Babylon,  Syria,  and  Pnlestine- 
Tliese  letters  were  diK!ket«d  in  Egypt  in  bieratic  writing,  like  tbe  dis- 
patches ill  our  Foreign  Office.  They  tbrow  much  light  on  the  ]K>litical 
relations  then  existing  between  the  Kings  of  Egypt  and  tbe  Kings  of 
western  Asia,  tbeir  political  and  inatrim<niia1  nllian<:es,  and  likewiM 
on  tbe  tra^le  carried  on  between  different  conntrier..  They  cooHrm 
statements  known  to  ns  from  hieroglyphic  inscriptions  in  Egypt,  more 
particularly  those  in  tbe  temple  of  Karnak.  The  s|>elling  is  chiefly 
syllabic,  tbu  language  an  Assyrian  dialect.  Doubtful  Accadiau  words 
are  otteu  followed  and  explained  by  glosses  in  what  may  be  called  a 
Cauaanite  dialect,  which  comes  very  near  to  Hebrew.  But  bow  did 
the  kings  of  Egypt  understand  these  cuneiform  dispatches!  It  is  tme 
we  meet  sometimes  with  tbe  express  statement  that  tbose  to  n-hom 
these  nussives  were  addressed  had  understood  them,*  as  if  this  coulil 
not  always  be  taken  for  granted.  It  is  true  also  that  these  letters  were 
mostly  brought  by  messengers  who  might  liave  heljied  in  interpreting 
them,  provided  tbey  had  learned  to  speak  and  i-ead  figyi)tiiin.  But 
what  is  more  extraordinary  still,  the  King  of  Egypt  himself,  Amenopliis 
III,  when  writing  to  a  king  whose  daughter  he  wishes  to  marry,  writer 
a  dispatch  in  cuneiform  letters,  and  in  a  language  not  bis  own,  nnleiis 
we  suppose  that  the  tablet  which  we  possess  was  simply  a  translation 
sent  to  the  King  Kalliuima  Sin,  and  as  such  ke])t  in  the  archives  of  tbe 
Egyptian  Foreign  Office. 

It  iscnrionstoobserve  that  the  King  of  Egypt,  though  quite  willing  to 
marry  the  daughters  of  smaller  itotentates,  is  not  at  all  disixtscd  to  seed 
Egyptian  piincesses  to  them.  For  ho  writes  in  his  own  letters  (p.  IWj 
"  A.daugbter  of  the  King  of  the  land  of  Egypt  bas  never  been  given  to 
a  'Nobody,'"  Whatever  else  we  may  learu  from  these  letters,  they  are 
not  patterns  of  diplomatic  language,  if  indeed  the  translation  is  in  this 
case  quite  faitliful.t  In  these  dispatches,  dating  fi-om  14W  B.  c,  a  num-  ' 
ber  of  towns  are  mentioned,  many  of  which  have  tbe  same  names  a$ 
those  known  to  us  fmm  hieroglyphic  inscriptions.     Some  of  these  names 
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for  having  seviired  these  treaaurec  for  the  British  Museum,  and  to 
Dr.  Bezold  and  Mr.  Radge  for  having  translated  and  pnblishe<l  them. 

To  U8  this  eorrespondenee  is  of  the  greatest  importimce,  as  showing 
(nn:e  mote  the  exist en«re  of  a  literary  and  intellectual  intereourse  between 
western  Asia  and  Egy]>ti  of  which  historians  had  formerly  no  suspi- 
eion.  If  we  can  once  point  to  such  an  oi>eii  chanoGl  as  that  through 
which  caneifomi  tablets  travelled  from  Babylonia  and  Syria  to  Egpyt, 
we  sliall  be  better  prepared  to  understand  the  presence  in  Kgypt  of 
produots  of  iirtistti!  workmanship  also  fiom  western  Asia,  nay,  from 
Cyprus,  and  even  fn»m  Mycenie.  I  possessed  potsherds  sent  to  me  by 
Schliemann  from  Myren^e,  which  might  have  been  broken  off  from  the 
same  vessels  of  whiob  iVagmenI  s  have  been  found  at  lalysos,  and  lately 
in  Egypt  by  Mr.  Flinders  i'etric.  I  have  sent  these  potsherds  to  the 
BritiHli  Museum  to  be  placed  by  the  side  of  the  jOTtfery  from  lalysos, 
and  to  our  University  Museum  at  Oxford.  Mr.  Flinders  Petrie  in  the 
Jmdewiy,  June  25, 1892,  writes:  "Mykenajaii  vase-typus  are  found  in 
Egypt  with  scarabs,  etc.,  of  the  Eighteenth  Dynasty,  and  conversely 
objectH  of  the  Eighteenth  Dynasty,  including  a  royal  scarab,  are  found 
at  Mykenffi.  And  again,  hundreds  of  i)ieces  of  pottery,  purely  Myke- 
uien  in  style,  have  been  found  in  various  date^ible  discoveries  in  Egypt, 
and  without  exception  every  datum  for  such,  lies  between  1500  and  1100 
B.  c.  an<l  earlier  rather  than  later  in  that  range."  I  do  not  mean  to  say 
that  this  fixes  the  date  of  the  Mykeniean  iK)ttery,nor  do  I  wish  to  rely 
on  evidence  which  is  contested  by  some  of  thebe'^t  Egyptian  scholars; 
otherwise,  I  should  gladly  have  appealed  to  the  names  of  the  Mysians, 
Lyeians,  Oarians,  lonians,  and  Dardanians,  discovered  in  the  epic  of 
Pantaur  about  14''Q  n.  c,  in  the  reign  of  Rameses  II ;  and  to  the  name 
of  Achspans,  read  by  certain  Egyptian  scholars  in  an  inscription  at 
Karnak,  ascribed  to  the  time  of  Meneptah,  the  son  of  Itanieses  II. 
What  we  shall  have  to  learn  more  and  more  i.s  that  the  people  of  antiq- 
uity, even  though  they  spoke  different  languages  and  used  ditferent 
alphabets,  knew  far  moi-e  of  each  other,  even  at  the  time  of  Amenophis 
III,  or  1400  n.  c.  than  was  8upi>osed  by  even  the  best  historians.  The 
ancient  world  was  not  so  large  and  wide  as  it  seemed,  aud  the  number 
of  representative  men  was  evidently  very  small.  The  iijfluenc«  of 
Babylon  extended  far  and  wide.  We  know  that  several  of  the  strange 
gods  worshipe<)  by  the  Jews,  such  as  Rimmon,  Nebo,  and  Sin,  came 
from  Babylon.  The  authority  of  Egypt  also  was  felt  in  Palestine,  in 
Syria,  and  likewise  in  Babylon.  The  authenticity  of  the  cuneiform 
dispatches  found  at  Telel-Amarna  in  Egypt  has  lately  received  an 
unexpected  confirmation  from  tablets  fouud  at  Tclel-Hesy,  probably 
the  ancient  Lachish.  Here  ii  letter  has  been  found  addressetl  to  Zim- 
rida,  who  in  the  Telel-Amarna  tablets  was  mentioned  as  governor  of 
Lachixh,  where  ho  was  murdered  by  his  people.*  In  the  same  place 
cylinders  were  found  of  Babylonian  manufacture,  between  20U0  and 
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1500  B.  c.  and  copies,  evidently  luade  of  tliem  in  tbe  West.  Similar 
cylinders  occur  in  the  tombs  of  Cyprus  and  Syria,  Iieljiing  as  to  fix 
beir  dates,  and  showing  once  more  Ibe  iiitt'rt-oiii'se  Itetweeo  East  ^nd 
West,  and  tbe  ancient  migration  of  Kasleni  tbonglit  toward  Europi>. 

Xorshoald  wo,  when  looking  for  channels  of  commnnication  between 
the  ancient  kingdoms  of  Asia,  forget  the  .lews,  who  were  more  or  iess 
at  home  in  every  part  of  tlie  world.  We  must  rememl>er  that  tb*'y 
came  originally  from  I  r  of  the  Chaldees,  then  migrated  to  Canaan,  and 
afterwards  sojonnie<l  in  Egypt,  before  they  settled  in  Palestine.  Arte 
that  we  know  how  they  were  leil  into  c^iptivityand  lived  in  close  prnr 
imi^  and  daily  intercourse  with  Medians,  Persians,  Babylonians,  mid 
AssyriauR.  They  sjMike  of  Cyrns,  a  believerin  Ormaztl.astheanoiuted 
and  the  shepherd  of  Jehovah,  because  he  allowed  them  to  return  from 
Babylon  to  Jerusalem.  Darius,  likewi.«e  a  follower  of  Zoroaster,  \«-as 
looked  on  by  them  as  their  gmtrou,  l>e<-«nsed  he  favoreil  the  re-building 
ot  the  Temjde  at  Jemsalem.  When  ne  consider  these  intimate  rela- 
tions between  the  Jews  and  their  neighbors  and  conquerors,  we  can 
easily  imagine  what  u.<etul  intermediaries  they  must  always  have  been 
in  the  intellectual  exchange  of  the  ancient  world. 

There  are  two  countries  only  which  really  remained  absolutely  iso- 
lated in  the  jiast.  China  and  India.  It  i«  true  that  attempts  have  i>eeD 
made  to  show  that  the  Chinese  i):tlueiice<i  the  inhabitants  of  Intlia  in 
very  ancient  times  by  ini|Htrtiug  to  them  their  earliest  astronomy.  Bat 
Blot's  argnment.s  have  hardly  convinced  anybody.  And  as  to  Chinese 
)M>rcelain  Iteing  found  in  ancient  Egyptian  tomb.^  this  too  has  long 
been  surrendered  for  lack  of  trustworthy  evidence. 

Nor  have  the  attempt.^  been  more  snccessfiil  which  wen-  intended  tn 
show  that  the  ancient  astronomy  of  India  was  borrowe<l  from  Baby- 
lon. It  is  well  known  that  tbe  Babylonians  excelled  in  astronomy,  and 
that  in  latter  times  they  liccaine  the  teachers  of  the  Greeks,  and  indi- 
rwtly  of  the  Indians.  But  the  '2'  Ve«lic  Nakshairas  or  lunar  stations 
are  perfivtly  iuteiligible  as  prodnctil  on  Indian  soil,  and  require  no 
foreign  inllnences  for  their  explanation.  If  the  Indians  had  in  Vedic 
times  been  the  pupils  of  tbe  Babylonians,  nthcr  tr:tces  of  that  inter- 
course could  hardly  I>e  absent.  It  was  indeed  thought  for  a  time  that 
one  wonl  nt  least  nf  Babyhmian  origin  bad  Imtu  discoveie^l  in  the  hymus 
of  tbe  Itig-Vt-ila.  the  Babylonian  tnnn,i.  a  <vrtain  weight  of  gold.  This 
wonl  ha-'*  certainly  travf-lh-d  far  and  » ide.     We  tiiid  it  in  the  tablets  of 
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course  between  Indiii  aud  Babylon.  Sindhu,  as  my  learued  friend, 
Prof.  Sayce,  hiforniH  me,  occurs  iu  cuiieifonn  texts  as  far  bat^k  us  3<)00 
B.  c.  as  the  iiame  of  boiiio  textile  fabric.  In  San-skrit  gaindkava  would 
mean  what  grows  on  the  Kiiidhn  or  the  Indus,'  and  would  therefore 
be  a  very  good  name  for  cotton  or  linen.  But  8o  long  as  tbis  word 
Htands  alone,  it  would  not  be  safe  to  build  any  concluaionK  on  it  a»  to 
an  ancient  tra<le  between  India  and  Babylon. 

For  tbe  present,  therefore,  we  must  continue  to  look  npon  China  and 
India  as  perfectly  isolated  eonntries  during  the  period  of  wbich  we  are 
bere  speaking.  But  though  in  the  eyes  of  the  historian  the  ancient 
literature  of  these  two  countries  loses  in  co]ise<pience  much  of  its  inter- 
est, it  acquires  a  new  and  iieculiar  interest  of  its  own  in  the  eyi'-s  of  the 
philosopher.  It  is  entirely  home-grown  and  home-spun,  and  thus  forms 
an  independent  i>arallel  toall  the  other  literature  of  tbe  world.  It  bas 
been  truly  said  that  tbe  religion  and  the  phdoaophy  of  India  come  upon 
us  like  meteors  from  a  distant  planet,  perfectly  independent  in  their 
origin  and  iu  their  character.  Hence,  when  they  do  agree  with  other 
religions  aud  philosophies  of  the  ancient  world,  they  naturally  inspire 
us  with  the  same  confidence  as  when  two  mathematicians,  working 
quite  iudeiwndently,  arrive  iu  the  end  at  the  same  results.! 

It  is  true  that  iu  these  days  of  unexpei;t«d  discoveries  we  are  never 
entirely  safe  from  surprises.  Biit  as  far  as  our  evi<lence  goes  at  pres- 
ent— and  we  can  never  say  more — the  idea  once  generally  entertained 
and  lately  revived  by  Prof.  Grnppe,  that  tliere  was  some  connection 
between  the  ancient  religion  of  India  and  those  of  Egypt  and  Babylon 
18,  from  a  scholar's  \toiiit  of  view,  ximply  impossible.  Before  the  time 
of  Alexander  the  Great  it  would  be  very  difficult  to  point  out  any 
foreign  intellei-tual  importiitiou  into  the  lan<l  of  the  Indus  or  tbe 
Seven  Rivers. "  The  knowledge  of  tbe  alphabet  may  have  reached 
India  a  little  before  Alexander's  invasion.  We  know  that  Darius  sent 
Skylax  on  a  scientific  ext>editton  down  to  the  mouth  of  the  Indus.  This 
expedition,  like  other  scientific  ex|ieditions,  was  the  forerunner  of  Per- 
sian conquests  along  the  Indus.  Tbe  i>eopIe  called  in  the  cuneiform 
inscriptions  Oadara  and  Hiilhn,  that  is,  ni  Sanskrit,  Ganhdara  and 
tiindhu,  occur  among  the  conquests  of  Darius,  at  least  in  his  later 
inscriptions.  It  is  quite  iKissible  therefore  that  even  at  that  early  time 
a  knuwieilge  of  reading  and  writing  may  have  been  commuuicated  to 
India.  Travellers  ftoin  India  were  seen  by  Ktesias  in  Persia  at  tbe 
beginning  of  the  flftb  century  B.  c,  and  he  describes  some  whom  be 
had  seen  himnelf  as  being  as  fair,  or  actually  as  white,  as  any  in  the 
world.  Others  he  describes  as  black,  not  by  exposure  tr»  the  sun,  but 
by  nature.  This  was  probably  written  at  the  same  time  when  Buddha, 
in  a  sermon  which  he  delivered  (the  Assaluyana  Sutta),  said:  "The 


..Ckiogle 


698      ORIENTAL  SCHOLARSHIP  DURING  THE  PRESENT  CENTURY. 

Brahniaiis  are  tlie  white  caste,  the  other  castes  are  black.''    This  i-efers 
to  their  color  {rarna),  not,  ae  has  been  supposed,  to  their  chamcter. 

Biit  we  have  as  yet  no  real  evidence  of  writing,  not  even  of  inscrip- 
tions, in  India  before  the  time  of  Asoka,  in  the  thinl  centurj-  B.  c. 
The  Indian  tilphal>ets  certainly  eanie  from  a  Semitic  alphabet,  wliich 
wasadaptol,  systematically,  to  therequiretnentsof  an  Aryaiil)iii|ruage. 
We  can  see  it  still  in  a  state  of  fermentation  in  llie  local  varieties  that 
have  lat«iy  been  ]H>inted  ont  by  my  friend,  Prof.  Biililer,  the  liigbest 
atitbority  on  this  subject.  As  to  the  religion  of  Buddha  being-  idAu- 
eiiced  by  foreign  thought,  no  true  scholar  now  dreams  of  that.  Tbe 
religion  of  Bnddha  is  the  daughter  of  the  old  Bralimauic  religion,  and 
a  daughter  in  many  respects  more  beautiful  than  the  mother.  On  the 
contrary,  it.  was  through  Buddhism  tliat  India  for  the  first  time  stepi>ed 
forth  from  its  isolated  position,  nnd  became  an  actor  in  tbe  historical 
drama  of  the  world.  A  completely  new  idea  in  the  history  of  tbe 
world  was  started  at  the  third  Buddhist  Council  in  the  third  century 
B.  c,  under  King  Asoka,  the  idea  of  conquering  other  nations,  not  by 
force  of  arms,  but  by  the  power  of  Imth.  A  ie?oiutiou  was  proiK>sed 
and  earned  at  that  council  to  send  missionaries  to  all  neigliborio^ 
nations  Ui  preach  the  new  gospel  of  Buddha.  Such  a  resolution  would 
never  have  entered  into  the  minds  of  the  ancient  Egyptians,  Babylon- 
ians, Aasyiians,  not  even  of  tbe  Brahmaus.  It  ]n-e-supposed  quite  a 
new  conception  of  the  world.  It  aunonnced  for  the  first  time  a  lieiief 
that  the  different  nations  of  the  world,  however  Kepaialed  from  each 
other  by  language,  religion,  color,  and  customs,  fonned  nevertlielesa 
one  uuited  family;  that  each  of  its  members  was  responsible  fiir  the 
rest;  in  fact,  that  humanity  was  not  an  empty  word. 

It  is  a  curious  coincidence,  if  no  more,  that  the  name  of  the  missionary 
who,  according  to  the  chronicle  of  Ceylon,  was  sent  to  the  North,  to 
the  Himalayan  border  lauds,  namely  Madhyama,  should  have  been 
found  in  a  iStnpa  near  Hanchi,  as  well  as  that  of  his  fellow- worker, 
Kasyapa.  We  read  in  an  inscription :  "  These  are  (tbe  relics]  of  the 
goiKlmanofthefamilyof  KAsyapa, the  teachcrof  the  whole  Haimavata," 
that  is,  the  Himalayan  border  land.*  We  seldom  find  snch  monumental 
confirmations  in  Indian  history.  This  imi>ortant  discovery,  like  so 
many  otbeis,  was  due  to  (ien.  Cuuningbam,  in  one  of  bis  earlier  works. 
(The  llhilKn  Topes,  pp.  119,  187,  317.) 

China,  the  other  isolated  country  of  antiquity,  was  soon  touched  by 
the  rising  stream  of  Buddhism,  and  thus  brought  for  the  first  time  into 
contact  with  India  and  the  rest  of  the  world..  The  first  waves  of 
Buddhism  seem  to  have  reached  the  fnmtiers  of  China  as  early  aa  the 
third  century  (217  D.  c),  and  so  rapid  and  constant  was  its  progress 
that  in  61  6.  e.  BuddUua  was  acccated  by  tbe  Emperor  Mingti  as  one 
of  the  three  state  relr-T^^f  CI    ^l  We  soon  hear  of  Buddhists  in 

ler  countries  also  >yc        s^fi**  *''•'''  ^^^  have  now  arrived 
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at  a  third  periufl  in  llie  litetory  of  autiquity,  which  may  truly  be 
calleil  the  Alexandrian  or  Alexaodriiiiaii  period,  we  need  not  wouder 
that  the  military  roatlH  which  have  been  opened  from  the  IndiiH  to  the 
liiUphrateH  and  to  the  Mediterranean  were  fioou  tnxhlen  by  peaceful 
travellers  also,  <^a^^ying  both  industrial  and  intellectual  nierehiindise 
from  East  to  West.  From  Kaalimir,  Buddhist  mlBaiouarieK  seem  to  have 
peiietratetl  into  Hellenieed  Bactri,  Alexander  Polyhistor,  who  wrote 
between  8tt  and  GO  b.  c,  attests  their  presence  there  under  the  name  of 
Samani'ii,  whicli  stands  for  the  Pali  name  Samana,  a  Buddhist  friar. 
Their  presence  in  Bactria  is  attested  somewhat  later,  at  tire  beginniDg 
of  the  third  century  A.  D.,  by  Clement  of  Alexandria,  who  speaks  of 
the  Sainanaioi  as  jwwerful  philosophers  among  the  Bactrians,  and 
again  by  Eiisebius.  at  the  beginning  of  the  fourth  century,  who  writes 
that  among  the  Indiaus  and  Bactrians  there  are  many  thousands  of 
BrAhmans.  With  regard  to  Bactria  this  can  refev  to  Buddhists  only, 
foi  the  old  orthodox  BrahmaiiH  did  not  leave  their  country,  and 
Brahman  has  always  been  retained  by  the  Buddhist^i  as  a  title  of  houoor 
for  themselves.  Early  traces  of  the  Buddhist  icligion  have  been  dis- 
covere*!  likewise  in  the  countries  north  of  Bactria,  in  Tukbara,  and  in 
the  towns  of  Khoten,  Yarkand,  and  Kashyar.  M.  Darmesteter  has 
shown  that  in  the  second  century  n.  c.  Buddhist  missionaries  were 
hard  at  work  in  the  western  part  of  Persia,  and  it  is  a  signillcaiit  fa<:t 
that  the  name  of  Gavtama,  the  founder  of  Buddhism,  occurs  in  the 
Avesta,  in  the  Fravardin  Yasht.'  This  shows  how  closely  the  most 
distant  i>ai"ts  of  the  world  had  been  brought  together  by  the  genius  of 
Alexander  the  Great,  and  by  the  genius  of  that  still  greater  conqueror, 
Gautama  Sakyamuni.  Here  again,  it  is  mainly  due  to  the  labors  of 
Oriental  scholars  that  so  many  traces  of  the  work  done  by  Alexander 
and  his  successors  have  l>een  lediscovered.  With  Alexander  we  have 
entered  on  a  new  period  in  the  history  of  the  Morld,  a  period  marked 
by  the  first  stn>ng  reaetiou  of  the  West  against  the  East,  inaugurated 
jn  the  fifth  century  B.  C.  by  the  victories  of  Afarathou,  Thermopylae, 
and  Salamis,  which  were  almost  contemporary  with  the  first  victories 
of  Buddha.  Bnt  while  the  victories  of  Miltiades,  Tjeonidas,  and  Alex- 
ander the  Gieat  belong  to  history  only,  Buddha,  the  Gina  or  Victor,  as 
he  is  calletl,  is  still  the  ruler  of  the  majority  of  mankind.     -     ■    - 

I  have  so  far  trie<l  to  show  what  Oriental  scholarship  has  done  for  us 
in  helping  us  to  a  right  appreciation  of  the  historical  devehipment  of 
the  human  race,  beginning  on  the  Asiatic  conthient  and  reaching  its 
highest  consummation  on  this  small  Asiatic  peninsula  of  ours,  which 
we  call  Europe,  nay,  on  this  very  spot  where  we  are  now  assembled, 
which  has  tnily  been  called  the  center  of  the  whole  world.  It  is  due 
to  Oriental  scholarship  that  the  gray  twihght  of  ancient  history  has 
been  illuminated  as  if  by  the  rays  of  an  unsuspected  sunrise.     We  see 

*  "  Sacrtxl  RookB  of  lliw  Kast ; "  vol.  xxin.  p.  184. 
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continuity  mid  unity  of  purpose  from  beginning  to  cud,  when  before 
wc  saw  iiotliitig  but  an  undecipherable  clia«>.s.  With  every  ufw  dis- 
covery that  is  made,  whether  in  the  royal  libraries  of  Babylonia,  or  in 
tlie  royal  tombs  of  Egypt,  or  in  the  sacred  books  of  Persia  ami  Iixlia, 
tlie  rays  of  that  t^unrtse  are  spreading  wider  and  wider,  and  under  its 
lif^ht  the  ancient  history  of  our  nice  seems  to  crystallize,  and  to  dis- 
close in  the  very  forms  of  its  crystallization,  laws  or  purposes  ruiiuing 
through  the  most  distant  ages  of  the  world,  of  which  our  forefathers 
had  no  suspicion.  Here  it  is  where  Oriental  studies  api>eal,  not  to 
specialists  only,  but  to  all  who  see  in  the  history  of  the  human  race 
the  supreme  problem  of  all  ]thilosopby,  a  prot>lem  which  in  the  future 
will  have  to  l>e  studied,  not  as  heretofore,  by  npr/orj  reasoning,  bui 
chiefly  by  the  light  of  historical  evidence.  The  Science  of  Lan|ruage, 
the  Science  of  Mythology,  the  Science  of  Religion,  aye,  the  Science  of 
'  Thonghtf  all  have  assuinerl  a  new  a^spect,  chiefly  through  the  discoveries 
of  Oriental  scholars,  who  have  placed  facts  in  the  i»lace  of  theories  nud 
displayed  before  us  the  historical  development  of  the  human  rat^e  as 
a  worthy  rival  of  the  development  of  nature,  displayed  before  our  eyes 
by  the  genius  and  patient  labors  of  Darwin.     ■     -    - 

But,  I>efore  I  conclude,  may  1  be  allowed  to  tax  your  patience  a 
few  minutes  longer,  and  to  ask  one  more  question,  though  I  kuow 
that  many  here  present  are  far  more  competent  to  return  an  authorita- 
tive answer  to  it  than  your  president.  Is  the  benefit  to  be  derived  from 
Oriental  studies  to  be  confined  to  a  better  understimdiug  of  the  past, 
to  a  truer  insight  into  that  marvellous  drama,  the  history  of  the  human 
race  in  the  East  and  in  the  West,  whether  iu  historic  or  prehistoric 
times  T  May  uot  our  Oriental  studies  call  for  general  sympathy  and 
support,  as  helping  us  to  a  better  imderstaiidiug  of  the  present,  nay, 
of  the  future  also,  with  regard  to  the  ever- increasing  intercourse 
between  the  East  and  the  West  f  Why  should  so  many  practical  men, 
so  many  statesmen,  and  rulers,  and  administrators  of  Eastern  countries, 
ha%'e  joined  our  Congress,  if  they  did  not  exjiect  some  important  prac- 
tical advantages  fn»m  the  study  of  Eastern  languages  and  Eastern  lit- 
erature I 

If  the  old  pernicious  prejudice  of  the  white  nmn  against  the  black, 
of  the  Aryan  against  the  Semitic  race,  of  the  <Jreek  agaiust  the  Bar- 
barian, has  l>cen  inherited  by  ourselves,  and  there  are  few  who  can  say 
that  they  are  entirely  fi-ee  from  that  damtiom  kertedilng,  uothing,  I 
believe,  has  so  powerfully  helped  to  remove,  or  at  least  to  soften  it,  as 
a  more  widely  spread  study  of  Oriental  languages  and  literature. 
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It  iwema  :i  mittable  intrndiictiou  Ut  the  work  at  thiH  Hi^rtiiiH  to  sur- 
vey broadly  the  vwdK  beloiijfiiig  to  the  viwit  Oriental  it'gioii  ami  to 
examine  ttie  inf'orniatiun  now  available,  m*  to  tlio  order  of  tlii^ir  stages 
of  civilization.  In  tlie  large  defluition  a<loi>ted  by  this  Congresn,  the 
Oriental  world  reaches  its  extreme  limits.  It  embraces  the  continent 
of  Asia,  stretching  tlirough  F^rypt  over  Africa,  and  into  Kurope  over 
Tiivke^  and  (Ireece,  while  extending  iu  the  far  East  fnnn  group  to 
gr  p  of  ocean  islands,  wliere  Indonesia,  Melanesia,  Micronesia,  and 
Polynesia  lead  on  to  the  continent  of  Australia  and  its  outlier,  Tas- 
mania. Immense  also  is  the  range  of  time  through  which  the  culture- 
history  of  tliia  Oriental  region  may  be,  if  often  but  dimly,  traced.  Ilis- 
t«iry  illuminates  its  comparatively  later  periods.  The  earlier  cau  only 
be  iuferentially  ri-eonstructed  by  comparison  of  the  still  representative 
races  and  langaages,  and  their  remains  materially  preserve<l  in  the  soil 
and  intellectually  in  culture;  that  is,  in  the  arts,  inHtitutions,  and  beliefs 
which  have  lasted  on  &om  the  ancient  world.  On  the  maps  which 
represent  the  Oriental  world,  as  known  to  history,  we  see  »  baud  of 
civilized  nations  stretching  from  Kgypt  through  I'heuieia,  Babylonia, 
Assyria.  Me<hi-Persia,  India,  ('hina.  This  compact  culture  band  is 
underlaid  by  traces  of  former  barbarism  and  geographically  t«kirted  by 
barbaric  border- lands,  while  a  savage  region  is  either  at^tually  met  with 
beyond  these  limits,  or  its  former  existence  inferred  inside  as  well  as 
outside  them.  In  agreement  with  recognized  printriples  of  the  develop 
uieiit  of  culture,  it  may,  [  think,  be  taken  that  the  low  culture  extending 
widest,  represenis  the  earliest  |>Iatform  of  culture  over  the  whole  region; 
that  an  inner  hut  still  vast  inlying  district  rose  to  the  barbaric  level, 
and  that  within  this  again  the  higher  culture  area  was  formed.  Indeed, 
the  teiTiue- temple  of  Babylonia,  where  terriwes  narrower,  but  more 
lofty,  rise  one  above  another,  seems  to  my  mind  a  suggestive  model  of 
these  stages  of  culture;  where  the  higher  degree  covers  the  smaller  area. 

"  liiniiRiirM]  luiiirtm  »("  llie  prcHiilent  'if  tlio  si-rtiiin  of  BnthrujioloKy  "H'I  mytboli))(y. 
Ninth  luteruntiuiial  CongreHH  i>r  OrientnlislJt,  I^mlun.  Septeiulier,  1892;   Traiuaclioiu, 
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It  is  to  the  wide  foundation  platform  of  Oriental  culture  that  my  remarks 
to-day  Rpe(  iaily  refer,  not  from  any  over-eBtimation  of  tlie  importaiice  of 
this  basis,  as  eompareil  witli  the  higher  stages,  l>ut  because  these  latter 
have,  with  the  aid  of  historical  record,  become  more  familiar  to  tbe 
studious  world;  while  as  to  the  lowest  aud  widest  Oriental  culture 
level,  I  have  even  some  new  evidence  to  offer. 

Tbe  former  presence  of  races  of  low  culture  in  countries  where  none 
now  remain  is  more  than  by  any  other  symptom  prove<l  by  the  jtresence 
in  the  ground  of  Btone  implements  and  other  objects  characteristic  <if 
low  culture  among  modern  savages  and  barbartaDR,  and  doubtless  al^o 
charact^'ristic  in  the  remote  past.  Thus  the  Stone  Age  is  practically 
identified  with  the  savage  and  low  barbaric  periods.  Moreover,  tbe 
usual  division  of  tbe  Stone  Age  into  the  later  aud  higher  Neolithic  or 
ground  stone  i>eriod,  and  the  earlier  and  lower  Paleolithic  or  cliii>ped 
stone  period,  tbe  (■videuio  for  which  has  been  thoroughly  threshed  out, 
may  here  be  taken  for  granted.  As  to  the  Paleolithic  period,  discov- 
eries of  the  last  generation  have  established  the  presence  of  tribes  of 
men  over  a  laige  part  of  Enroi>e  whose  high  antiijuity  is  shown  by  the 
geological  position  in  which  their  relics  are  found  in  Quaternary  gravel- 
beds  and  caves,  and  by  their  association  wiih  that  extinct  fauna  which 
gives  their  age  tbe  concise  name  of  the  Mammoth  period.  Tbat*tbeir 
stage  of  culture  was  that  of  savage  hunters  and  fishers  is  obvious  from 
the  rude  stone  implements  themselves,  and  from  other  objects  of  more 
or  less  Eskimo  type,  while  at  tbe  same  time,  carvings  and  scratched 
outlines  of  animals  show  an  e^itraordiuary  S(  :iae  of  art.  It  bas  been 
proved  also  that  tbernde  tribes,  whose  existence  was  argued  from  their 
mdely  chipped  stone  instrument.s,  were  not  confined  to  Europe,  Let 
us  notice  their  few  but  important  occnrrencvM  within  our  Oriental  area. 

Egypt,  it  is  important  to  notice,  bas  yielded  implements  of  well- 
marked  Paleolithic  type,  a  solid  basis  for  its  history  of  culture.  They 
maybe  traced  on  into  Syria,  while  tbe  laterite  bedsof  South  India, 
by  their  similar  quartzite  implements,  testify  to  the  former  habitatinu 
of  the  Peninsula  by  tril)es  there  representing  the  priiftitive  savage  life. 
In  Siberia,  where  the  remains  of  the  nmmmoth  have  been  preserved  so 
perfectly,  I  should  think  that  the  weapons  of  coeval  man  might  prob- 
ably be  found  in  corresponding  quantity,  but,  so  far  as  I  know,  no 
thorongh  quest  for  them  has  yet  been  made.. 

At  the  farthest  extreme  of  our  Oriental  boundary  iii  Tusmania 
stone  implements  which  must  be  classed  as  low  Paleolithic  in  type 
appear.  So  remarkableare  the  charactersof  these  implements  and  the 
cin'umstanees  of  tlieiroccurrence,  that  as  they  are  very  scarce  in  ICuroi>e 
I  have  placed  on  the  table  all  the  specimens  I  have  been  as  yet  able  to 
obtain.  Tbe  jioint  I  have  to  draw  attention  to  is  that  thongb  of  rude- 
ness beyond  that  of  the  remotest  ages  known,  they  remain  in  use  into 
Town  time.     It  is  now  more  than  thirty  years  since  my  attention  was 

used  by  seeing  a  stiuie  implement  from  Tasmania  in  tbe  museum  of 
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the  Somersetshire  Naturnl  Hinlory  Society  at  Taunton,  whicb  led  mo 
to  make  inqniry  at  tlie  International  Exhibition  of  1802  ol'  Dr.  Milh- 
gan  and  other  representatives  of  Tasmania.  Their  answer  1  [innted 
in  18fi5,  with  a  comparison  with  the  implements  of  the  Paleolithic  age. 
''  The  Tatjmauiaiis  sometimes  used  for  catting  or  notching  wood  a  very 
rude  instrument.  Eyewitnest^es  describe  how  they  would  |iict  up  a 
suitable  flat  stone,  knock  off  chips  tram  one  side,  partly  or  all  round  the 
edge,  und  use  it  without  more  ado;  and  there  is  a  specimen  correspond- 
ing exactly  to  this  desi^iption  ia  the  Taunton  Museum.  An  implement 
found  in  the  drill  near  Clermont  would  seem  to  be  much  like  this," 
(Early  History  of  Mankind,  p.  19.5).  This,  if  not  the  earliest  pubh.shed 
notice  of  these  Tasnianian  impleraents  was  one  of  the  earliest;  but  it 
will  be  observed  that  it  did  not  yet  amount  to  stating  that  these  vnde 
savages  used  no  stone  implements  except  such  rudely  chipped  ones,  for 
it  was  not  yet  proved  that  they  did  so.  This  proof  was  required  to 
bring  the  Tasnianians  into  the  position  where  1  wish  to  place  them 
before  you  now.  that  of  modern  savage  representatives  of  the  remotely 
ancient  Paleolithic  ages.  The  requisite  evidence  has  since  tR-en  sup- 
plied by  tiie  archifologists  and  geologists  of  the  Royal  Society  of  Tas- 
mania. 

It  was  not  a  ([uestioM  merely  of  studying  the  make  of  implements 
buried  in  the  ground,  as  the  time  was  not  yet  past  for  descriptions  by 
Englishmen  who  had  actually  seen  how  the  natives  made  and  used 
the^e  roughest  of  hnniaii  implements.  They  might  be  mere  fragments 
picked  up  or  detached  by  a  blow  from  the  ro<^k,  but  the  more  artificial 
tools  weie  much  improved  upon  by  skillliilly,  with  another  stone, strik- 
ing off  chips  along  the  margin,  so  as  to  give  a  good  cutting  edge;  but 
tins  edge-chipping  was  only  done  on  one  side.  The  natives  were  never 
known  to  grind  an  e<lge,  nor  to  lis  the  chipped  stones  in  any  kind  of 
handle.  Of  this,  the  accounts  of  observers  who  saw  the  an  canied  on, 
and  who,  one  would  flunk,  must  have  been  aware  if  the  natives  could 
do  anything  better,  may  be  taken  as  good  testimony.  At  any  rate  it 
is  proof  positive  that  such  si)ecimeiis  as  are  here  exhibited  are  char- 
acteristic of  the  general  standard  of  the  Tasmaiiian  implement- maker's 
art.  It  is  seen  by  comparison  with  or<linary  Paleolithic  implements 
frdrn  the  drift-gravels  and  bone-caves  that  the  modern  savage  was  dis- 
tinctly lower  than  the  ancient.  The  pick  of  the  Europeans  of  the 
Mammoth  period,  edged  and  pointed  by  alternate  chipping  on  both 
sides,  is  far  superior  to  anything  seen  or  described  in  Tasmania.  The 
typical  "hatchet"  or  "tomahawk,"  a«  it  is  sometimes  called,  of  Tas- 
mania, is  at  most  the  etpiivaleut  of  the  one-side  edged  "scrajier"  of 
Paleolithic  Europe. 

Thus  it  appears  that  in  this  far-off  corner  of  the  Oriental  world  Paleo- 
lithic man,  not  even  of  the  highest,  had  survived  within  living  memory. 
The  question  must  of  course  be  raised  as  to  whether  the  low  stage  of 
Tasmaiiian  implements  may  l)e  due  to  degeneration;  but  it  is  diiScult, 
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without  altering  our  eouveptiou  of  liumaii  uature,  to  Kuppose  the  rude 
ancestors  of  the  savages  to  have  habitually  edged  their  cboitpiiig-stoues 
on  both  sideH,  and  given  up  this  for  the  one-edged  flake,  for  many  put- 
poses  inneh  less e Elective.  Not  less  instructive  is  theliict  that  tfaoTas- 
manians  were  not  kiiun'o  to  fix  their  chopping-stoueK  in  any  kiu<l  of 
handle,  but  only  to  grasp  them  in  their  hare  hands.  What  was  the 
practice  in  tliis  i-espeet  iiniung  the  Enroiwans  of  the  Mamoioth  periiKl 
is  not  yet<|uiie  conclusively  known.  Some  ol  their  tools  or  weapons 
were  ohviouMly  made  tor  grasping  in  the  hand.  Others  may  have  l>een 
tl.\ed  to  wooden  halts,  though  it  is  hardly  provea  that  they  actually 
were.  At  any  rate,  the  Tasmanian  examjile  warns  us  not  to  rely  on  the 
argument  that  to  put  n  handle  to  a  hatchet  must  have  suggested  itself 
iiDtiirally  to  the  lowest  savages,  for  it  seems  not  to  have  ii^ugge^ted  itself 
to  Tasnianians.  When  they  saw  the  European  Imtcbet  and  how  to  use 
It,  they  "were  tfansixirted  with  joy.'  and  took  to  it  at  once.  If  their 
ancestors,  having  fixe<l  their  ehipjied  stones  in  withes  or  bough.s,  after- 
wards held  them  in  their  naked  hands  instead,  man  is  a  less  intelligent 
animal  than  other  experience  of  him  would  warnint.  Eveu  if  it  sLoald 
prove  by  further  quest  tlmt  stone  implementsof  higher  finish,  say  equal 
to  the  Australian,  oceur  in  the  ground  or  were  made  by  the  Tasnia- 
nians, this  would  not  much  alter  the  inferences  as  to  tlieir  culture-his- 
tory, but  would  still  leave  the  Tasmanians  as  a  people  actually  secD  tu 
modern  times  to  pursue  tlieir  life  on  a  Paleohthic  footing  under  cir- 
cumstances where  Neolithic  man  would  have  practised  his  higher  art. 
We  can  hardly  over-estimate  the  anthropological  importance  of  this 
uegroKl  nice,  whose  grievous  extirpation  so  sadly  clouds  our  colonial  his- 
tory. In  the  lightof  these  facts  Paleolithic  man  ceases  to  he  a  mystery, 
now  that  we  can  see  the  portraits  and  esaniine  the  life  of  his  far  East- 
ern couuterpart.  They  enable  us  to  realize,  at  least  in  vague  outline, 
a  state  ol  man  in  geological  antiquity  which  has  lasted  on  into  modern 
life,  lti-1  most  instructive  to  examine  what  the  condition  of  these  mod- 
ern Paleolithic  people  was  in  other  respects,  and  the  labors  of  Mr.  Ling 
Roth,  who  has  collected  in  asingle  volume  ("  Tkt  Taumtinians^  London, 
ISitO)  almost  every  scrap  of  record,  puts  it  before  the  world  in  a  jiic- 
ture  which,  considering  how  much  of  the  evidence  comes  Irom  unedu- 
cated witnesses,  is  on  the  whole  remarkably  consistent.  Of  savage 
tribes  nut  in  a  state  of  decay,  the  Tasnianians  may  be  reckoned  among 
the  lowest  known.  Their  want  of  art  in  stoneimplenicnt  making  agreed 
with  tlieir  condition  as  to  other  weaptma  and  tools.  They  had  no  how 
and  arrow,  like  that  of  their  Australian  neighbors,  no  Ihi-owing-stick 
to  hurl  their  spears,  and  tlieir  spears,  though  they  seem  Ut  have  known 
how  to  point  them  with  a  human  hone,  were  usually  long  slicks 
straightened  by  bending,  and  (he  points  of  winch  had  been  thrust  into 
the  lire  and  sharpened.  These,  and  waddies  or  clubs  tolerably  shape<l, 
were  their  weaixins  of  the  chase  and  war.  They  had  not  eveu  the 
•■ude  hark  canoe  of  rhe  Australians,  but  a  canoe-like  raft  ot  roUs  o( 

r;:t,zc-ctv  Google 


8TOME    AOB    BASIS    FOR   ORIENTAL    STUDY.  705 

bark,  'f  Ley  were  Btring-inakers,  good  plaiters,  and  basket-makere, 
aud  it  is  Doticed  that  some  of  tbeir  stitclies  and  plaits  are  familiar  in 
our  own  basket-work  and  point-lace.  They  made  Are  with  the  ordinary 
fire-drill.  Their  waadering  life  accounts  for  the  rudeness  of  their  sim- 
ple hats  and  wind-shelters  of  boughs  aud  bark.  Mentally,  they  have 
been  well  defined  in  the  foUowingwords:  "Tlieir  intellectual  character 
is  low,'  yet  not  so  inferior  as  often  described.  They  appeared  stupid 
when  addressed  ou  subjects  which  bad  no  relatioD  to  their  mode  of 
life,  but  they  were  quick  and  cunning  within  their  own  sphere." 

Morally,  it  is  not  difScult  to  understand  how  two  kinds  of  state- 
ments are  made  about  them,  which  seem  incompatible,  but  are  not 
really  so.  Their  iaoffensiveness  when  not  ill  treated  or  alarmed  or  hos- 
tile, gave  place  to  sly  and  rancorous  cruelty  toward  those  they  regarded 
as  enemies.  Their  nomad  life  brought  with  it  the  ancient  savage  cus- 
tom of  abandoning  the  sick  and  aged.  As  nomad  banters  they  bad 
but  the  first  rudimeuts  of  government  by  the  strong  man  of  the  tribe; 
but  as  usual  among  such  tribes,  when  war  broke  out,  the  authority  of 
a  leader  or  ^ar  chief  was  recognized.  The  two  great  tests,  language 
and  religion,  hardly  place  the  Tasmanians  below  recognized  savage 
levels.  Enough  of  their  language  is  preserved  to  show  it  as  simple 
aud  scanty,  of  an  agglutinating  type,  mt-na=I,  mt-to=to  me;  pugga-na= 
man,  ioura-na=woman;  (»my=no;  lugff  ana =foot;  compounds  of  these 
latter,  lowatimy  (woman-no)=bachelorj  pupga-luggana  {black)=maa's 
footstep.  The  numerals  do  not  go  far,  bat  reach  to  pugga-na  mara=5, 
verbally  man-one  (obviously  he  held  out  one  hand).  There  is  a  propor- 
tion of  emotional  and  imitative  words,  and  no  doubt  it  is  true,  as 
described,  that  tbeir  sentences  depended  much  ou  tone  and  gesture. 
It  would  have  been  most  instructive  to  have  had  examples  of  bow  this 
was  managed,  but,  unfortunately,  here  the  information  fails.  The  Tas- 
manian  is  distinctly  a  low  organized  language,  but  not  at  all  a  language 
belonging  to  man  in  what  is  called  "  a  state  of  nature."  Still  less  is 
this  the  case  with  the  Tasmanian  religion,  which  is  a  well-marked 
animism,  extending  about  as  high  in  its  development  as  among  other 
savages.  The  accounts  given  by  a  number  of  Europeans,  of  whom 
some  confused  white  man's  ideas  with  native,  require  criticism;  bat 
the  mistakes  generally  disappear  on  comparison,  and  the  vocabularies, 
which  show  what  religious  ideas  the  natives  had  words  for,  are  an 
excellent  test.  It  is  quite  clear  that  the  word  irarratca=shadow 
served  them  to  describe  the  souls  of  the  dead,  who  became  guardian 
spirits  of  their  friends  and  hostile  ghosts  to  tbeir  enemies,  so  feared 
that  men  would  not  willingly  go  out  at  night;  that  there  was  a  good 
land  of  the  dead,  with  life  like  this  continuing,  or  that  this  land  came 
to  be  identified  with  England,  whence  the  dead  came  back  as  white 
men;  that  demon  spirits  could  possess  men  with  epilepsy  and  other 
spirits  could  expel  them ;  that  the  land  and  forest  swarmed  with  spirits, 
among  whom  is  especially  mentfonod   the  echo,  which   they  called 
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Jcukanna  irurratctna=talkiug  sbadow.  The  spirit  or  god  Bediarapa^ 
whose  Dame  vas  ideDtified  vitti  tbnnder  and  ligbtoiBg,  and  who  was 
feared  accordiogly,  is  vouched  for  by  full  evidence;  but  tlie  deity, 
"whom  lliey  call  the  good  spirit,"  aod  who  presides  over  the  day,  is 
not  to  be  found  iu  the  vocabularies,  aud  collapses  ou  comparison  of 
docameuts. 

Taken  all  together,  there  is  deAuiteuess  iu  these  acoouuta  of  u  low 
Stone  Age  people  seen  in  actual  modem  esisteuce.  How  is  it  that 
modern  savage  man  shonld  differ  so  little  from  man  at  the  highest 
geological  antiquity  t  The  answer  seems  to  be  that  of  possible  perma- 
nence as  well  as  possible  development  in  culture.  Let  a  tribe  arrive 
at  a  condition  of  equilibrium  with  surrounding  nature,  its  "milieu 
environnant,"  to  nse  the  phrase  of  Lamarck,  in  which  it  can  hold  its 
own,  this  may  be  a  couditiou  which  suggests  no  progress.  As  there 
were  shells  of  the  Tertiary  period  indistinguishable  from  those  now 
living,  80  tbere  are  men.  Behind  the  Paleolithic  period  lies  that  unde- 
fined past  which,  whether  keeping  tribes  unchanged  under  unchanged 
conditions  or  changing  under  changing  conditions,  has  to  account  for 
the  conditiou  of  savage  man,  which  indeed  is  within  a  moderate  inter- 
val of  our  own.     It  is  a  question  not  of  nature,  but  of  degree. 

The  Oriental  area  thus  presents  a  basis  of  man  in  the  Paleolithic 
stage  of  cultnre,  relics  of  which  remarkably  occur  in  boundary  districts. 
Let  us  now  examine  the  Oriental  area  occnpied  by  traces  of  the  Neo- 
lithic stage. 

The  South  Sea  Islanders  are  the  best  known  of  high  Stone  Age 
])eoples.  On  the  continent  of  Asia  history  knows  of  some  peoples,  the 
leh  thyophagi  of  the  Beluchistan  coast  and  the  aboriginal  tribes  of  China, 
as  still  using  stone  tools  or  weapons,  but  for  the  most  part  the  former 
use  of  these  is  only  apparent  by  the  celts  and  arrow-heads  of  stone 
found  in  the  ground,  and  explained  mystically  by  peoples  who  have 
forgotten  their  real  purpose.  Hindus  still  worship  a  polished  celt  under 
a  sacred  tree  as  a  symbol  of  Mahadeva,  and  the  Japanese  see  in  the 
arrow-heads  they  pick  up  in  the  fields  the  sitiiit-arrows  of  storm  fights 
in  the  sky.  Egypt  here,  as  usual,  vindicates  its  place  as  the  museum 
of  culture- development.  The  fiint  arrow-heads  and  ceremonial  fiint- 
knives  have  long  been  known,  and  now  the  researches  of  Mr.  Petrie 
show  Egypt,  not  iu  its  remotest  antiquity,  actually  emerging  from  the 
age  of  stone  into  that  of  tjopper  and  bronze,  fiint-flakes  remaining  in 
use  for  cutting  and  chipping  tools  and  to  arm  the  reaper's  sickle.  This 
is  an  industrial  condition  which  may  remind  us  of  that  of  Mexico  before 
the  Spanish  conquest. 

This  consideration  of  the  Oriental  world  during  the  Neolithic  or  later 
Stone  Age  raises  a  problem  which  is  complementary,  and  iu  some 
respects  converse,  to  that  of  the  development  of  culture.  It  leads  as  to 
trace  the  migration  of  cultnre  IVoni  the  higher  nations  into  the  lower, 
^veu  in  what  is  called  the  nnchaugiug  East  the  culture  of  the  ruder 
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tribea  ia  far  ft-om  being  (xo  to  speak)  their  owu,  bo  ))a1pably  haa  it  beeu 
affected  by  the  influeDce  of  foreigners  of  higher  and,  cointeqneutly,  more 
powerful  organization,  thoughts,  and  arts.  In  the  present  state  of 
anthropology  it  is  particularly  desirable  to  aak  the  opinions  of  special 
students  of  the  great  Oriental  nations,  from  Egypt  to  China,  as  to 
what  may  be  called  the  old  trade-routes  by  which  ideas  have  been  car- 
ried over  the  barbaric  world.  It  seems  that  this  carrying  has  beeu 
actively  going  on  within  the  limits  of  what  is  technically  known  as  the 
Stone  Age.  Ever  since  Cook's  voyages  the  Polynesians  tiave  stood,  and 
rightly  so,  as  especially  representative  of  the  Stone  Age.  And  yet  the 
traces  of  their  communication  with  culture<l  Asia  are  shown  by  various 
symptoms.  Playing  on  the  jew's-harp  and  flying  kites  are  the  s{iorts 
of  Asiatic  nations,  but  they  spread  continuously  from  Asia  over  Slela- 
nesia  and  Polynesia,  where  they  may  have  been  before  the  late  times 
in  which  they  find  their  way  into  Europe. 

Eq>ecial  interest  attaches  to  the  system  of  the  universe  ])revalent 
over  the  South  Sea  Islands,  examined  so  as  to  show  how  far  it  differs 
from  the  simple  dw^triiieof  the  three  worlds,  the  frtVoAaof  earth,  firmar 
meiit,  hell — a  system  which,  resting  on  the  apparent  direct  evidence  of 
the  senses,  belongs  everywhere  to  man  in  the  earliest  stages  of  knowl- 
edge. The  Polynesian  systems  I  take  as  so  obviously  belonging  to  the 
borrowed  and  degenerate  forms  of  the  Babylonian  planet-system  that 
I  think  the  ()uestions  open  are  merely  in  which  form  and  by  what  route 
they  spread  over  the  Pacilic  Islands.  According  to  the  ideas  of  the 
Mangaians  themselves,  the  earth  they  live  on  is  on  the  top  of  a  vaet  hol- 
low cocoanut  shell,  the  interior  of  which  is  Avaiki,  the  under-world, 
into  which  the  sun  and  moon  descend  by  western  openings  and  rise  in 
the  East.  Above,  the  ten  heavens  of  the  blessed  spirits  rise  one  above 
the  other.  Below,  the  dismal  Hades  is  divided  into  stages  of  gloom 
and  decay,  down  to  mere  nothingnesii. 

In  the  New  Zealand  cosmology,  as  recorded  by  Mr.  John  ^Vhite  in 
his  Ancient  History  o/tke  Afaori,  we  have  a  system  of  the  same  source, 
only  varying  in  details.  Above  the  tiat  earth  the  ten  heavens  rise  iu 
successive  strata.  The  lowest  three  contain  the  clouds  and  storms, 
and  the  lake,  which  by  its  overflow  pours  down  rain  and  hail.  Above 
these  are  seven  heavens  inhabited  by  human  souls,  other  spirits,  and 
gods,  up  to  the  highest,  where  Kebua  dwells.  The  countorpart,  ten 
hells,  or  rather,  stages  of  the  under-world,  have  the  four  uppermost 
under  Hine-niu-te -po,  Great  Woman  Night,  so  that  it  is  there  that  the 
sun  sets.  Below  are  six  nmre  dismal  regions,  in  the  lowest  three  of 
which  is  the  goddess  Meru,  the  lowest  of  all  being  called  Meto — that 
is,  extinct  or  putrid. 

Nov  it  is  ])Iaiu  that  the  knowledge  of  astronomy  of  the  Polynesians 
neither  needed  oor  authorized  these  schemes  of  strata  above  and  below, 
of  which  they  could  know  nothing;  but  regarded  as  degenerate  ver- 
sions of  the  Babylonian-Greek  astronomy,  where  the  orbits  of  the  sun. 
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moon,  and  five  planets  were  interpreted  as  iDdicsting  the  seveu  cou- 
centric  spheres,  with  others  for  the  fixed  stars,  the  difficulty  is  met. 
Even  in  the  Eindu,  Buddhist,  and  Moslem  systems  of  the  universe, 
though  derived  from  this  planetary  source,  the  planetary  part  (all, 
indeed,  that  gives  the  system  its  value)  has  long  since  di'opped  out  of 
sight,  and  the  spaces  the  heavenly  bodies  occapied  have  been  turned  to 
account  in  complex  series  of  heavens  and  hells.  Both  the  Indian  and 
Moslem  systems  may  be  easily  traced  into  the  Indian  Archi|>elago,  and 
it  is  a  last,  and  I  think  not  unreasonable,  step  to  suppose  them  spread- 
ing over  the  Pacific  Islands.  The  Mangaian  and  Maori  schemes  eveu 
bear  a  closer  resemblance  to  the  Hindu  than  to  the  Monlem,  indicating 
Indian  religions  as  their  carriers. 

Thus  I  close  this  attempt  to  lay  a  Stone  Age  basis  (if  I  way  use  the 
expression)  for  the  study  of  Oriental  civilization.  Not  attempting  here 
to  rise  to  the  Metal  Age  and  to  begin  the  study  of  the  higher  stages,  to 
which  alone  it  has  been  habitual  to  confine  the  term  civilization,  I  com- 
mend to  Oriental  scholars  the  thought  (of  vhich  it  is  well  never  to  lose 
sight)  of  the  humbler  and  more  ancient  stages  of  life  which  underlie  it. 
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MEMBKK  OF  THK  ACADKMY  OV  SCIKNCKS. 


By  M.  Bkrthelot, 
(  Sfciftarg  of  Ihe  Aeatlevtg  of  .* 


The  learned  man  vhom  I  present  to  yuiir  attentiou  to-day — Henry 
Milne- Edwards — in  a  peculiar  and  interesting  figure  among  French  nat- 
uralists, equally  distinguiabed  by  his  origin,  by  the  period  to  which  he 
belonged,  by  bis  discoveries,  bis  Rystem  of  instrnction,  the  pupils  be 
traiued,  and  by  the  lasting  iutlueuce  he  exercised  upon  natural  history 
during  a  long  life  entirely  devoted  to  scii'nce  and  his  country.  He 
fllle<l  a  great  place  in  our  academy  and  rendered  service  to  zoologj' 
and  to  higher  education  that  will  not  be  forgotten. 

His  life  exhibits  many  interesting  changes.  The  sou  of  a  foreigner, 
an  Englishman,  be  was  eager  to  be  identified  with  France,  furnishing  a 
new  proof  of  that  assimilating  power  which  has  always  been  one  of  the 
strong  points  of  onr  nation.  This  proof  was  all  the  more  marked  that 
the  young  Edwards  appears  to  have  been  at  first  rich  enough  not  to 
depend  ajmn  any  special  advantage  he  might  derive  from  his  title  to 
French  citizenship.  Afterwards,  however,  to  the  benefit  of  mankind 
and  the  honor  of  our  country,  necessity  urged  our  future  brother  to  the 
scientific  career  in  which  he  was  to  fill  so  important  a  |iosition.  This 
was  about  the  first  third  of  the  century  which  is  now  so  near  its  end. 
The  great  founders  of  niotlern  zoology  of  the  nineteenth  century,  Cuvier 
and  Geoffrey  9aint-Hilaire,  had  nearly  reached  the  term  of  their  careers. 
After  a  struggle,  wliicb  will  long  be  celebrated  in  the  history  of  the 
sciences,  Cuvier  stood  victorious,  and  his  pupils  were  almost  tJie  sole 
leaders  in  the  line  of  instruction,  following  the  methods  of  their  mas- 
ter and  striving  to  complete,  according  to  his  principles,  the  framework 
of  a  theory  which  seemed  henceforth  to  be  based  upon  a  strong  and 
immovable  foundation,  with  distinct  boundary  lines,  in  the  permanence 
of  species.  Theclassificntion  founded  upon  the  so-called  natural  method 
and  supported  by  observations  of  comparative  anatomy  was  then  con- 
sidered the  ultimate  end  of  z»Kil«gy. 

"Keail  at  the  oddidiI  public  Reasiuu  nrtlieAcadtini.v  of  Stieiicra,  lielrt  Dei'eniber  21, 
1891.     Truuelatt»l  I'rom  Jnnalt>  4e»  SrieHeet  XalMtfllfi.  I8!t2.  Tome  Xiii,  pp.  1-30. 
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Jnst  at  this  time  appeared  Milne-Edwards.  His  Natural  History  of 
Crastaceans  appeared  at  first  sight  to  be  a  simple  development  of  the 
teachings  of  Cnvier,  bnt  lie  iufused  into  them  an  entire  order  of  new 
and  fniitful  ideas  drawn  &om  phyaiology  which  greatly  modified  the 
conception  of  the  principle  then  held — that  of  the  Bubordination  of 
types.  Milne-Edwards  placed  side  by  side  with  this  another  principle 
prolific  in  cMinseqiiencea — that  of  thedivision  of  labor — and  it  contributed 
to  the  inanguratioD  of  a  great  system  of  studies  and  theories  which 
shivered  the  conventional  framework  of  classification,  placed  in  doubt 
and  rendered  purely  relative  that  permanence  of  species — the  corner- 
stoue  of  Cavier's  system — propounded  in  short  the  great  problems  of 
the  origin  and  progress  in  evolution  of  the  types  of  organized  beings.  If 
the  light  is  not  yet  and  never  can  be  perfectly  clear  on  the  question  of 
origin,  it  will  not  lessen  the  glory  of  the  scieotific  generations  tbat 
have  fo11owe<l  during  the  last  fifty  years,  bringing  these  questions  into 
the  foremost  rank  and  breaking  the  mould  of  exclnsive  dogmatism. 

Without  doubt  the  sagacious  and  temperate  mind  of  Milne-Edvrards 
sometimes  refused  to  handle  these  problems  in  all  their  bearings,  but 
no  less  has  he  t)ie  great  and  lasting  honor  of  having  t'aken  a  personal 
share  in  their  elaboration  and  of  supplying  some  of  their  fundamental 
principles.  Silence  would  be  unjust  to  his  memory,  and  I  shall  ask 
permission  to  express  my  sentiments  later  with  regard  to  this  work  of 
his,  as  the  time  for  hesitation  is  past.  Everywhere  in  the  civilized 
world  these  questions  are  continually  agitated,  and  an  excess  of  timidity 
would  enfeeble  the  authority  even  of  the  Academy  and  French  science. 
However  uncertain  and  obscure  they  may  seem,  their  interest  to  phi- 
losophy and  human  destiny  is  too  great  for  us  to  refuse  to  present  them 
here,  with  the  gravity  and  reservations  that  respect  for  truth  and  the 
dignity  of  science  demand. 

I. — HIS  OABBEB. 

Henry  Milne-Edwards  was  born  at  Brnges,  October  23, 1800.  We 
lost  him  on  the  20tb  of  July,  1885,  his  long  life  having  been  fbll  of  work 
profitable  to  humanity.  He  was  the  twenty-eighth  child  of  William 
Edwards,  planter  and  colonel  of  militia  at  Jamaica.  His  father  was  mar- 
ried twice.  After  leaving  the  colonies  and  then  residing  sometime  in 
England  he  established  himself  in  Belgium,  There  oar  fellow  scientist 
was  born,  and  he  took  advautiige  of  the  place  of  his  birth,  at  that  time 
part  of  France,  to  claim  the  title  of  French  citizen  after  1814.  The 
sympathetic  and  hospitable  genius  of  France  has  always  known  how 
to  gain  the  affection  of  foreigners  who  dwell  on  ber  soil,  and  to  associ- 
ate them  by  national  ties  with  her  own  destiny  she  turns  to  account  the 
inherent  qualities  of  the  raoBS  that  cg^tivate  her  soil  and  those  of 
neighboring  ones,  whiih  r  "«  atv  ^^^ad  the  art  and  energy  to 
assimilate  by  voluntary  a'  aD^^^^isitionsof  this  kind  have 

>n  more  fruitful  than  th 
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William's  love  for  out  country  must  have  been  very  strong,  for  ii  had 
resisted  a  severe  test,  he  having  been  imprisoned  by  the  Imperial 
police  for  seven  years  for  aiding  in  the  escape  of  some  Englisliinen 
incarcerated  <it  Briiget:.  As  soon  as  he  was  released,  in  1814,  be  went 
to  Paris  to  live,  and  reclaimed  for  his  son  the  benefits  of  the  law  which 
recognized  him  as  a  French  citizen. 

Meanwhile,  owing  to  liis  captivity,  he  had  not  been  able  to  conduct 
the  early  education  of  his  son  Henry;  this  was  directed  by  a  brother 
24  years  older,  and  mimed  William,  after  his  father.  This  William 
Edwards  also  has  become  prominent  among  the  physiologists  of  liia 
time.  He  is  one  of  tlie  founders  of  the  Ethnological  Society  of  Paris, 
and  has  left  some  interesting  experiments  as  a  memorial.  There  is  no 
donbt  that  by  his  example  and  the  bent  of  his  mind  he  exercised  a  great 
influence  on  the  vocation  of  Henry.  It  is  said  that  the  latter,  having 
received  as  a  gift  Bvffonh  HUtory  of  Animah,  attempted  to  analyze  it 
at  the  age  of  11  years,  the  first  indication  of  that  inquiring  spiritwhich 
at  a  later  period  constantly  incited  his  mind  to  new  discoveries. 

Keari'd  in  ease,  married  at  the  age  of  23  to  aii  amiable  and  distin- 
guished lady,  Miss  Laura  Tr^zel,  the  daughter  of  a  colonel  who  after 
ward  became  geueoul  aud  minister  of  war,  it  would  appear  that  Henry 
Edwards  under  sncb  circumstances  need  never  liave  been  called  upon 
to  expose  himself  to  danger  in  the  pursuit  of  the  sciences.  In  the 
l>egiuning  of  his  career,  if  he  took  a  diploma  as  doctor  of  medicine  it 
was  probably  in  oinsequence  of  the  same  principle  by  which  his  father, 
faithful  to  the  ideas  of  Rousseau  and  the  eighteenth  century,  made  him 
learn  a  nt.innal  avocation.  Henry  lived  surrounded  by  li'iends  of  his 
own  age  who  were  well  instructed  and  had  inquiring  minds  like  him 
self.  He  was  then  a  rich  young  lover  of  art,  interested  in  painting, 
and  above  iill  in  music,  and  we  know  he  retained  these  fine  tastes 
through  lile,  manifesting  them  in  the  soiri^eK  he  gave  to  men  of  letters 
at  the  museum. 

During  the  first  years  of  the  Restoration,  the  French  mind,  emerging 
from  the  long  mililary  repression  of  the  Empire,  took  a  new  flight. 
Everywhere  throughout  the  country  and  in  all  departments,  intelligent 
men  grouped  together  to  t-ake  {lossession  of  the  domain  that  was 
enkindled  anew  to  mental  efiort  and  liberty.  Whilst  William  Edwards 
was  more  particularly  allied  with  the  learned  physiologists  and  anat- 
omists, B^clard,  Ijaenuec,  Bre8<;liet,  and  Magendie,  his  brother  Henry 
cultivated  the  society  of  physicians  and  artiste.  These  last  he  met  at 
the  Sorbonne,  where  the  present  generation  would  not  he  likely  to  look 
for  such  associations. 

This  ancient  refuge  of  theologians  was  at  that  time  appropriated  to 
lodgings  for  artists  and  sculptors,  later  transformed  into  laboratories 
and  dissecting  rooms,  which  our  times  have  in  their  turn  torn  down 
aud  rebuilt  on  agrander  scale  for  other  edui-ational  purposes.  Perhaps:, 
we  maybe  permitted  to  casta  parting- regret  at  the  old  buildingsr 
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wbich  for  tvo  ceuturiee  have  sheltered  generatious  aniumted  by  n  very 
different  Hpirit,  bat  equally  devoted  to  the  culture  of  the  ideal. 

There  Milne-Edwards  enjoyed  himself  in  the  society  of  artists  and 
Heemed  destined  to  pass  his  life  in  an  elegaot  dilletatitism,  but  fat«  had 
decreed  otherwise,  and  the  brilliant  lover  of  art  was  to  be  tntnformed 
into  a  savant  of  the  first  order.  Asisusuallytheuasc,  this  was  effected 
by  the  pressure  of  necessity:  Durx»  urgent  in  rebus  ege»Ui%,  the  traus 
formation  took  place.  In  1825,  inconsequence  of  family  circumstaucea, 
Henry's  situation  suddenly  changed.  He  was  obliged  to  give  up  »n 
inheritance  that  constituted  the  principal  part  of  his  pussessioDS,  and 
to  labor  for  the  necessary  means  of  support  for  his  family.  The  publi- 
cation of  elementary  works  ou  medicine  and  materia  medica  seems  to 
have  at  first  sufBced.  At  that  time  he  met  with  help  from  the  circle  of 
devoted  friends  he  bad  so  well  known  how  to  make  when  be  conuected 
himself  with  distinguished  young  men  like  Dumas,  Adolphe  Brong- 
Diart,  and  Audouin,  all  of  whom  before  very  long  became  scientific  luuit- 
naries  themselves.  They  all  met  later  as  fellow  members  in  the  iMjaom 
of  our  Academy.  The  friendly  aid  given  to  Edwards  manifested  itself 
in  the  line  of  original  research  and  in  his  career  of  instructor. 

To  speak  first  of  this  latter  calling,  it  became  to  him  a  real  vocation. 
In  1833  Milne-Edwards  was  appointed  professor  of  hygiene  and  natural 
history  in  the  Central  School  of  Arts  and  Manufactures,  a  school  over 
which  Dumas,  as  one  of  the  original  founders,  exerted  a  powerful 
iDtluence.  Milne-Edwards  had  declined  the  offer  of  a  place  in  the 
school  system  of  Belgium  during  the  preceding  year,  at  the  time  of  the 
establishment  of  the  new  kingdom. 

For  the  last  time  he  made  a  practical  use  of  his  medical  knowledge 
n  taking  care  of  the  sick,  through  a  sentiment  of  pure  devotion,  dor- 
ng  the  great  eholeni  epidemic  of  1832.     But  from  that  time  he  turned 
u  another  direction,  displaying  more  and  more  bis  double  talent  of 
professor  and  writer.    At  one  time  he  gave  a  course  in  natural  history 
at  Henry  IV  College,  but  only  to  1  he  junior  class.     From  the  close  of 
the  year  183T  he  no  longer   taught,  as  1  can   certify  from  my  per- 
sonal recollection  as  a  pupil  of  that  College;  bis  merit  and  his  work 
called  him  to  a  higher  sphere.     In  fact,  on  the  5th  of  November,  1838, 
he  was  appointed  a  member  of  the  Academy  of  Sciences  in  the  zoolog 
ical  section,  to  replace  Frederick  Cuvier,  and  in  1841  succeeded  his 
triend,  Victor  Audouin,  in  the  chair  of  entomology  at  the  museum, 
which  he  exchanged  in 
to  this  the  title  of  cha 
had  filled  as  substitute 
and  justice  eaufie<l  him 
ofbces  of  professor  and 
life,  having  faithfully 
Teat  activity,  without 
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a  substitute.  Kec»II  that  to  vumplet«  his  curtum  hofwrum  lie  was 
mnde  chevalier  of  the  Legion  of  Honor  in  1834,  and  graud  officer  in  his 
old  age;  that  he  belouged  to  the  Boyal  Society  of  Loudon,  to  the 
Academies  of  St.  Petersburg,  Berliu,  Vienna,  Brussels,  Boston,  Phila- 
delphia, etc.,  in  hrief,  to  moat  of  the  great  societies  of  learned  men. 
Honors  of  every  kiud,  some  of  them  official,  others  more  ])reciou8,  com- 
ing from  eavaubs  bis  peers  in  ditl'erent  parts  of  the  world,  were  couliu- 
ually  bestowed  upon  hiin,  and  day  after  day  crowued  this  long  life 
which  had  heeii  consecrated  to  the  search  for  truth. 

His  private  life  was  uot  always  so  happy;  it  wasuiarked  by  more  than 
one  of  those  painful  crises  from  which  no  man  can  be  exempt. 

J  have  told  you  the  first  difficulties  he  encountered  from  a  material 
point  of  view,  and  how  these  difficulties  only  gave  a  greater  im|>etus 
aud  energy  to  the  scientific  education  of  ,our  fellow-worker.  What 
happy  hours  he  enjoyed  when,  refreshing  himself  (Vom  his  daily  labors 
in  holiday  excursions,  he  dedicated  his  journeys  to  Granville,  the  Chau- 
sey  Isles,  St.  Malo,  Cancale,  and  Mount  St.  Michel,  to  original  studies 
of  marin'e  animals  in  their  native  habitat  on  theseashore,  making  bis 
observations  direct  from  nature,  dissecting  fresh  animals  and  sketebiog 
them  with  an  accurate  and  skillful  hand. 

These  labors  were  accomplished  with  all  the  more  enthusiasm  that  they 
were  undertaken  with  his  friend  Aodouin,  both  of  them  young,  ardent, 
and  accompanied  by  devoted  wives  who  bad  no  other  ideals  than  their 
husbands,  and  who  sketched  and  painted  in  water  colors  the  animal» 
that  were  captured  each  day.  The  Annah  of  Natural  Sciences  have 
preserved  the  record  of  this  double  coUaboratiou  by  giving  a  place  to 
their  most  interesting  works  ou  crustaceans,  annelids,  ascidians, 
polyps,  and  various  zoophytes. 

Milne  Edwards  had  already  explored  the  coast  of  Provence  and 
Italy,  and  in  1834,  through  his  connection  with  General  Tr6zel  he  was 
enabled  to  extend  liis  investigations  to  Algiers. 

This  tlomestic  felicity  was  soon  to  become  clouded  by  sorrow.  More 
than  half  of  his  ten  children  died  at  an  early  age.  Though  he  bad  the 
happiuesB  of  seeiag  bis  son  Alphonse — first  his  pupil,  then  his  com- 
petitor— succeed  him  at  the  museum,  and  become  a  fellow  member  of 
the  Academy,  and  though  his  daughters,  who  married,  successively, 
the  sou  of  Dumas,  gave  him  the  satisfaction  of  seeing  heirs  to  two 
illustrious  names  grow  up  around  him,  still  his  life  was  saddened  by  the 
ill  health  of  his  beloved  wife,  the  partner  of  his  struggles  and  successes 
for  twenty  years.  In  1839  she  was  attacked  by  a  serious  lung  trouble, 
which  proved  fatal  at  the  close  of  three  years  in  spite  of  the  tender  care 
lavished  upon  her  by  her  devoted  husband. 

He  sought  consolation  in  his  work  and  in  the  friendship  of  the  young 
savants  around  him  whose  studies  be  directed.  Quatrefages,  Blanch- 
ard,  Lacazc-l>uthier8,  Mariou,  and  mauy  others, can  beai'  witness  to  his 
sympathy  for  youth  and  his  constant  and  zealous  encouragement. 
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If  Millie- Edwards  does  aot  display  tbe  fervor  of  lauguage  and  bold- 
ness of  theory  of  some  of  bis  cou temporaries,  sacli  aa  Blainville,  none 
tbo  less  be  roased  a  spirit  of  iDqntry  in  his  hearers,  without  which 
there  can  be  no  really  original  research  and  an  entbuRiasm  which  sus- 
tains the  inquirer  amidst  the  obscurities  and  disappointments  of  pa  dent 
'  investigatiou. 

He  made  a  tour  of  Sicily  in  1844,  in  company. with  Quatrefages  and 
Kaucbard,  that  has  become  celebrated  in  tbe  history  of  zoology.  He 
did  not  beaitate  to  go  down  into  tbe  sea  to  a  depth  of  8  meters,  by 
metuiB  of  a  diving  apparatus,  in  order  to  stndy  tbe  life  of  marine 
animals.  This  practice  lias  now  become  customary  at  RoscofPs  labora- 
tory, nnder  tbe  direction  of  our  co-worfcer,  Lacaze-Datbiers,  aud  tbe 
soundings  of  the  TViKaman  levealed  many  other  mysteries  to  Alpbonse 
Milne-Edwards;  bnt  fifty  years  ago  it  was  venturesome  to  take  the 
initiative,  the  apparatus  being  less  perfect,  tbe  use  of  it  less  under- 
stood, and  it  required  considerable  courage  for  a  Rcientist  to  bury  him- 
self in  this  fashion  for  the  firMt  tinoe  in  the  depths  of  the  sea  in  order 
to  wrest  from  it  tbe  secrets  of  life.  , 

ACtbesametime,in  the  course  of  hta  daily  life  at  Paris,  Milne- Ed  wards 
made  bis  borne  at  tbenmseum  a  center  for  teamed  ■»&,  g^herini: 
them  around  him  in  social  evening  reunions  which  are  still  remembered 
by  my  ctrntomporaries.  One  was  sure  of  meeting  there  the  highest 
order  of  men,  both  Frenchmen  and  foreigners.  Englisbmen,  attracted 
by  a  common  nationality,  or  at  least  ancestry,  came  willingly,  and  we 
listened  with  respect  to  these  men  so  devot«d  to  science,  an  honor  40 
.  their  country;  they  were  living  models  of  tbe  profession  to  which  each 
of  US  intended  to  dedicate  our  lives.  In  the  midst  of  this  group  the 
refined,  pleasing  figure  of  Milne-Bdwards  was  always  seen  moving 
from  one  to  another,  ready  to  sliow  his  sympathy  with  each  by  an 
appropriate  word  to  tlie  young  as  well  as  the  old,  and  to  exprctia  his 
opinion,  nearly  always  a  characteristic  one,  in  tbe  scientific  discussions 
going  on  around  him. 

This  social  and  stirring  life  which  he  enjoyed,  was  interrupted  in  1856 
by  a  serious  afleetion  of  the  stomach.  Milne-EUwards  had  all  big  life 
suffered  iVom  a  delicate  constitution  struggling  to  insist  disease.  It 
WHS  thought  at  Hrst  that  the  crisis  of  this  illness  would  be  fatnl.  I 
can  still  recall  that  face,  callow  from  jinindice,  the  eyes  bright  with  tbe 
flr»;  of  intellectual  life. 

Tie  at  length  partially  trinmpbed  over  illness,  it  might  be  said  by 
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in  the  career  of  teacher.  At  the  musenm,  aa  at  the  Sorboniie,  evwy- 
where,thia  little  man  yast^  be  Been,  flrin,  benevolent,  always  conversant 
with  the  least  detail,  whether  administrative  or  scientific,  ever  ready 
to  practice  what  he  preached.  Those  who  knew  him  in  the  conneil 
Iward  of  the  University  will  not  forget  iiis  kindly  interest  in  watching 
the  development  of  young  scliolars;  they  Ecmember  those  note  books, 
those  special  memoranda  of  their  work  and  standing  that  ho  filed  each 
day  so  conscientiously.  He  had  in  the  highest  degree  the  sentiment 
and  love  of  the  go<»d. 

In  this  way  he  left  his  impresnun  the  history  of  the  "Facultf^  des 
Sciences,"  at  Paris,  and  aided  in  the  revolution  efl'ected  in  the  last 
twenty  years,  as  well  as  in  the  entire  system  of  higher  instruction; 
both  have  been  re-constracted  under  an  impulse  which  more  than  one 
of  my  listeners  has  contributed  to  give  by  his  support  and  devotion. 
I  would  cite  as  an  example  of  the  pioneer  efforts  of  Milne-Edwards 
those  scholarships  for  Htiidents  which  liave  proved  .so  fruitful  in  tlie 
encouragement  ot  youthful  talent  in  our  public  educational  institutions. 
He  started  this  system  in  1849  by  means  of  limited  assistance,  which 
was  withdrawn,  owing  to  the  violent  reaction  of  that  period,  hut  was 
coutiiined  on  a  larger  scale  thirty  years  later  through  the  liberality  of 
the  republican  government. 

Of  a  different  but  not  less  useful  class,  the  scientific  excursions  of 
Milne-Edwards  and  his  pupils  to  the  seashore  were  the  prelude  to  the 
creation  of  those  stations  of  marine  zoology  now  encircling  our  coast, 
like  a  crown  of  honor,  through  the  zeal  of  such  men  as  Lacaze-Dathiers, 
Pouchet,  Bert,  Habatter,  Marion,  and  GianI,  foreign  workers  speedily 
following  their  example. 

Milne- Edwards,  belonging  essentially  to  the  scientific  class,  never 
extended  his  services  and  authority  to  the  arena  of  politics.  He  was 
ready  however  to  perform  in  a  manly  way  the  duties  of  a  citizen  in 
any  emergency.  When  the  gloouiy  days  of  the  siege  of  Paris  came, 
and  the  city  was  surrounded  by  the  enemy,  Milne- Edwards,  already 
afflicted  by  the  loss  of  one  of  his  sons-in-law,  who  had  been  killed  at 
Gravelotte,  nevertheless  brought  to  the  national  deteuse  a  patrotic 
band  of  learned  men.  whose  unanimity  of  sentiment  and  action  will 
redound  in  history  to  the  honor  of  French  s<'ience  and  the  Academy. 

When  the  shells  were  crashing  against  the  museum  he  remained  at 
his  post,  going  back  and  forth  from  the  Jardin  des  Plautes  night  and  day 
to  provide  as  quickly  as  possible  for  every  contingency.  There  camea 
day  stiti  more  distressing,  when  he  bad  to  go  £o  Fort  Bicetre  and  look 
for  young  Desnoyers,  the  son  of  a  devoted  friend,  who  had  been  mor- 
tally wounded,  and  he  himself  held  the  reins  and  led  the  ambulance 
along  ft  roiid  whereon  the  enemy's  shells  were  raining  fast.  -»> 

Such  are  the  incidents  that  have  diversified  the  lives  of  the  men  of 
our  day,  not  less  troubleil,  perhaps,  than  were  the  savants  of  the  six- 
teenth century  from  foreign  and  civil  wars. 
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PeH<M)  re-establisbed,  lie  resiimetl  his  course  of  instniction  and  the 
publication  of  liis  great  work.  When  the  work  was  flnisbed  a  well- 
earned  joyand  reward  awaited  him;  lii8  8cliolars,friendsand admirers, 
under  the  leadership  of  M.  de  Quatrefages,  presented  him  with  a  medal 
of  honor.  Milne-Edwarda  was  then  an  octogenarian,  crowned  with 
honor  ai)d  years;  he  liad  made  his  literary  debut  in  1S23,  nearly  sixty 
yearc  back,  and,  continuing  Ins  labors  for  half  a  century,  awaited  the 
end  of  Ilia  mortal  life  with  the  serenity  of*  a  wise  man,  offering  us  tbis 
beautiful  example  of  a  career  that  was  active  and  useful  to  the  last, 
thus  showing  that  the  constant  exercise  of  tlie  intellectual  i>owers,  iu- 
stead  of  exhausting  a  man,  sustains  bini  beyond  the  commou  term  of 
years,  and  preserves  him  from  decay  by  continually  bringing  bis  facul- 
ties into  play  in  the  strict  fnltHmentof  daily  duties.  He  also  died,  like 
the  Roman  emi>eror,  repeating  that  noble  word,  Laboremut. 

11. — HIS   SCIENTIFIC   WOBK. 

The  time  has  come  to  examine  the  scientiflc  work  of  Milne- Edwards. 
He  was  at  the  bead  of  the  French  School  of  Natural  History  for  many 
years.  The  greater  number  of  the  scientists  constituting  that  bndy 
to-day  were  bis  pupils.  It  is  necessary,  then,  to  pass  in  review  his  spe- 
cial works  and  those  that  in  conjunction  with  this  organization  bad 
established  lits  reputation,  also  to  note  his  share  in  the  scientiflc  move 
ment  of  bis  times  and  the  general  theories  he  supported,  without  sup- 
pressiog  the  gaps  iu  certain  directions,  dne  to  his  spirit  of  precision  in 
practical  matters,  and  perhaps  to  a  kind  of  theoretical  timidity  that 
ehaiacterized  bis  conclusions. 

I  will  speak  fiist  of  his  siwcial  work.  It  was  chiefly  directed  to  the 
study  of  marine  animals,  imstaceans,  annelids,  niollusks,  and  zoophytes. 
Tbis  work,  undertaken  at  the  start  in  collaboration  with  Audouiu,  waa 
afterward  pursued  alone  by  Milne-Edwards,  giving  the  impulse  to  a 
vast  series  of  zoological  studies  that  have  extended  to  our  day  with  a 
fecundity  inexhaustible  as  life  itself.  I'p  to  that  time  it  was  the  custom 
to  study  principally  dead  animals,  dried  or  preserved  in'nicohol.  The 
inconvenience  of  this  mode  was  perhaps  less  with  terrestrial  animals, 
heir  shape  l>eing  better  detined  and  less  affected  by  the  great  differ- 
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certaiu  products.  All  tlieee  objects  remained  little  iiiiderHtood,  aud  the 
functions  of  tlieir  organs  were  still  more  obscure.  Tims  a  new  order 
revealed  itself  when  natnralists — Milne-Edward»,  one  of  tbo  first — 
be^an  to  study  marine  organisms  no  longer  in  collections  but  in  tbeir 
own  habitat  in  the  bosom  of  the  sea,  even  in  the  active  conditious  of 
tbeir  existence.  This  new  class  of  study  marked  one  of  the  character- 
istic featnres  of  the  work  of  Milne- Ed  wards,  and  of  those  following  him 
of  the  French  school— 1  mean  to  say  this  intimate  and  cousisteut  union 
of  physiology  with  anatomy.  Science  has  been  recreated,  owing  to  the 
gradual  asecudancy  of  the  polnta  of  view  revealed  by  this  union  over 
questions  of  simple  classification  that  had  hitherto  been  dominant  under 
the  influeoct)  of  Linnieus,  de  Jnssieu,  and  Ouvier. 

In  1827  Milne- Ed  wards  published  conjointly  with  Andonin  his  "Ana- 
tomical and  Physiological  Investigations  of  the  Circnlation  of  Crusta- 
ceans," investigations  that  made  a  sensation  and  in  1828  gained  the 
Academy's  prize  for  experimental  physiology.  Studies  on  the  respira- 
tion of  crustaceans  and  on  the  branchial  modifications  for  the  purpose 
of  adapting  crustaceans  to  life  on  the  earth,  investigations  of  the  nerv- 
ous and  muscular  systems  of  crustaceans,  their  geographical  dlstribu- 
ion  being  regulated,  according  to  this  author,  by  the  double  considera- 
tion of  the  existence  of  several  distinct  centers  of  creation  and  by  the 
unequal  fitness  of  species  for  swimming,  combined  with  purely  physical 
cunditious  of  temperature.  The  nearer  we  approach  the  equator  the 
more  varied  and  more  highly  organized  species  become. 

The  investigations  of  the  organization  and  classification  of  decapoda 
crustaceans  that  Milne-Edwards  had  been  making  front  the  year  1S31 
served  as  a  prelude  to  a  more  extensive  work — his  Katural  Oistory  of 
Crustaceans — of  which  I  will  presently  speak.  In  1851  he  again  took 
lip  the  interesting  morphology  of  these  same  decapodal  crustaceans. 

The  study  of  annelids  naturally  accompanies  that  of  cnistaceaus; 
the  greater  jiart  have  the  same  habits  and  often  even  serve  them  for 
prey.  From  18:29  Milne  Edwards  and  Audouin  were  also  engaged  in 
describing  the  species  that  inhabit  the  coast  of  France  and  in  reform- 
ing their  classification.  In  1837  Milne  Edwards  was  engaged  in  exam- 
ining the  structure  and  functions  of  the  circulatory  system  of  anne- 
lids. In  1815  he  returned  to  the  study  of  myrianids  and  he  described 
the  mode  of  multiphcation  of  these  singular  organisms,  showing  how 
their  pennltinate  ring  is  developed  and  divided  uito  several  distinct 
rings,  constituting  a  new  animal  which  for  a  certain  time  remains 
united  to  its  parent  before  separating  from  it  to  lead  an  independent 
existence.  Often,  even  before  this  separation  takes  place,  it  becomes 
in  its  own  turn  tlie  point  of  departure  of  a  similar  section  and  for  the 
production  of  a  third  organism  like  itself  audits  progenitor,  and  so  oh; 
so  that  in  this  way  as  many  as  six  young  ones  attached  in  a  series  may 
be  seen  at  the  posterior  extremity  of  the  parent  individual  or  stock 
which  serves  as  common  ancestor. 
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IVrwec  tilt  \*ar^  ti  li^  ani  !>t3  ihc  kifWy  *t  ^nlhi  Y' .  and 
«^i<«ia^j  :^i  «C  aif.-iiAZ-K  f^zitHy  «iw  iayii'iBi  CHsnibatian^  to 
ML^Dt^EidTAni-^     Bt  pATOc-^lArSy  oMcm<d  Ac  ccmiUMM   of   tbe«e 

■£.-1  eil^lr^:^  ia  $c>3j«-  «»»<«  a  wiK^^uf  potml^iniT.  T^cir  blood 
diws  El'*;  '.'Z-lr  oov  :i,  rc^s^v?  vr:l  ;(ar::r>.  i.?  *cr^s^  iMMted  by  sperul 
DCiLtfraces.  ba:  <i-£T:L.ar»  :<■  ^  «-  <-  =t.-  a  <yj«tB  <f  opKoiags  |»lac«d 
bfvH-D  ;S/#-  diScxvni  otzil.^  ta-vlx^  ifar  Alsne^tur  jakcA  Bundle 
diiwilj'  »iib  li*  BiA;^  »•:  i=Tr.T.»*  i^>L  D*  (^■at>v£Bfc$.  parsaed 
lb*  ^aiDC  sTSJfBi  tff  (•tH*TT4T-X'C-s-  i::.  w-:ci*  wijti  :i  if  not  my  pre::$«'ot 
pruvii.*-*  i*>  triri"  L-*  wi:i;  itsfm  '.:'  tztr^  iirlividtul  character  and 
<«i:rnaJ:tj".  A  |T*aJ  ■ii:-*sii&:- -2.  s*i«iiI"T  T-.».i  j-iare  betrevii  Ter«- 
htrQiitt  ami  '•zh*!T  Mramrd  B>r3  >.c  :^  •.»->;>•  i-f  - {lUcbrnteri^mii.^ 
tilt:  name  if^^ir^i^grs  gA\f-Zf  Ija  djo-v^y.  ar-d  ibcicfvh  Ta«  impcw- 
laut  ny^ilfi'-aiioL--  ;i:  :L*-  Tiii»'Or*  amej-tcij  wT<  iu  iii«i  mae  as  to  tbe 
tmt  <;ban»eJer  ■■f  lie  '-iz>-:^r:-.:.  aiid  ^^ltttjc.  .c  liw  1ot«t  *"'~^W 

Z*^/I<l;.t/-«  <-"'-Jd  fi  <-^-j;*  :i*-  :«■»  ibe:iK*i  "■— ^i  algd  by  the 
JnveiS':^auoii  of  tL^L*  orj'A:ui>=.i.  Ait^  cun^ii^  viifc  CTperunents 
<Mi  p<j]yji»-  .-*^  L'_»;-4.  a^d  >i«it.ft^  Ifili.^  E-:w*r>i?  i^fOBcd  his  studies 
tDon;  tbormi^lj-  inlSSi  1S:.\  *-.d  :s>T.  H*  rra  fXMminrA  jelly-fi^i, 
faithtfrTo  r»-gii;>:Mi  a*  a  j*^  ff  z^li".:>  c;^  iw^ar-y  aiu>>riilMNis  mass:  in 
i^tliiy.  lijtrir.-trc'-nire  i*  •;;jt-  »f  ;':ir  iijp^  ftC'.-bf^iwL  ibeir  traasla- 
t-eu-^  pT*\fuT.:.z,  a;  i;r>-i  ~:^1:  a:  irA-C.:":--  =.^t:i»"}t-d  details  of  their 
fjtic^uiz^i'iou  fpiEi  lw;i.j  "iL"■T:I.i^"..*lr■"_ 
IlJ  his  irjv>r-.j:ja:vL.5'.f  -'  >  c  .rii--:  :';,  .m^^j  <>f  A1;:iersthis]«amed 
natnrali-^t  Hia'if  a;;aneL:  ri,*-  ?  :  .-^at  s-Tr-.-iTTinp  <rf  tbosr  |-4ypieT^ 
«  Lii-b  (-r>iita;n  t">Tb  :'Mr  ^■^-JI.s  VC  -^.:^  to  :i.t-  y.^ng  iudividoals  that 
ar«r  i>Ia'-<^J  ai  tii«  irr::.-:-*!  p^ittj  y-  »:  i  :":.*  o-'.Jrt-nve  or^ns  which 
»riiM  only  f'lr  li.e  Wi-t-:  -f  i":.*  <v«L^:.:-.Ty- l>si  cvUDmniiH^t*?  with 
lb«;d!j:»:!-tivtr  teii;e:^.-f  !i-  :i.d:v.-".^i;s  ;-,  ja  ;.  a  m&UDer  that  all  pn>fit 
by  lijfe  ii'.iiri-iu.e:-:  ^'.t»:".«t*i  ":  r  (-j^i^  5;.,-.s  csiaMishiBg  a  «ummon 
<rii'iilatorj'  »y-t»-n.  It:«»»i.  t". i  ::■".:.  .«..il>  .-f  <•:,*  cx>)<tiiy.  So  diwrs» 
an- wj'i'Ih! '»f  life  ;!-j:  it :~  1;t, .."::,  i><v.^  var.iii  onranuatxms  to  oue 
-i^oti-inaik-  fonr.-::-,  1  y  1.  >  >;.*."-«*  «■:  Tit  xLaiitmy  of  <»ral  in  1S3*. 
and  alK>v»r  a^ ''y  L:-'-:'^;>  *:■  ■:  >  .>:  ::t  1  ir.r.v^  of  coral  rr«fs.  MUu*- 
fyjwar'l*.  [lavK]   ^Le  »-.y   x-:    Tit    i^lj. .:.'.- ;<■  Ti-rts  vhich  *«*   tb« 
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the  urigio  of  tbe  fat  of  aDimalB,  a  diHpute  conuected  witb  a  question  of 
more  exteuded  beariug — that  of  the  origin  itself  of  the  direct  priuciples 
of  bnman  beings.  Some  thought  that  vegetables  alone  make  fatty 
matter;  that  introduced  by  food  into  the  bodies  of  berhivorous  animals, 
it  then  passes  into  the  tissues  of  those  animals  which  are  i)owcrle8s  of 
themselves  to  form  it.  Snch  was  the  opinion  entertained  in  the  dis- 
cussion by  the  greater  part  of  intelligent  miuda,  es[iecially  by  Boussin- 
gault,  justly  considered  an  authority  on  these  questions.  Othem,  Liebig 
in  particular,  thought  on  tlie  contrary  that  the  fundamental  chemical 
agencies  which  goveru  production  of  the  direct  principles  have  the 
same  source  in  vegetables  and  animals,  and  they  advanced  in  support 
of  this  theory  several  proofs  carefully  deduced  irom  the  production  of 
fatty  substances.  But  these  proofs  were  indirect  and  were  deemed 
insuCBcient  by  their  opponents.  A  long  controversy  ensued ;  it  was  cut 
short,  but  not  by  the  study  of  the  agencies  which  engender  fatty  sub- 
stances— agencies  still  unknown.  The  definite  result  of  the  process 
however  may  be  known  by  determining  the  relative  weight  of  fatty 
substances  contained  in  the  organism  and  in  the  fowl  of  mammals  and 
birds  in  various  periods  of  their  existence,  particularly  in  the  condi- 
tions of  fattening  domestic  animals. 

Milne- Edwards,  associated  with  Dumas,  made  an  ingenious  and  deli- 
cate demonstration  as  a  result  of  his  study  of  insects.  This  related  to 
the  production  of  the  honey  which  bees  manufacture  so  abundantly. 
Determining  by  comparison  the  quantity  of  fatty  matter  that  pre-exists 
in  the  bodies  of  bees — a  quantity  relatively  minute — and  by  feeding  a 
hive  exclusively  with  the  sugar  necessary  to  the  fabrication  of  their 
honeycombs,  the  authors  established  as  a  fact  that  wax  is  made  at  the 
expense  of  the  saccharine  clement;  that  isto  say,  without  the  aid  of  a 
fatty  substance  furnished  by  alimentation.  The  test  was  exact;  added 
to  others  made  in  various  places,  it  carried  conviction  to  all,  even  to  its 
opimnents. 

There  is  another  book  of  Milue-Edwanls  that  should  be  taken  up  as 
a  proof  of  the  superior  tendency  of  his  mind;  this  work  belongs  to  the 
early  period  of  his  career  when  he  was  dividing  his  energies  between 
his  medical  vocation  and  his  scientific  studies.  This  was  a  publication 
made  in  1829,  in  company  with  tbe  philanthropic  political  economist, 
Villerme,  and  related  to  the  influence  of  temperature  upon  the  mortal- 
ity of  newly-born  infants.  The  authors  showed  how  these  infants  are 
exposed  to  danger  under  tbe  influence  of  variations  of  temi>eratare, 
es|)eeially  of  cold,  their  organs  being  as  yet  unaccustomed  to  react 
against  the  surrounding  medium.  Now  the  rules  relating  to  obligatory 
l"-e8entation  of  newly  born  infants  before  the  officer  of  the  civil  govern- 
ment, as  well  as  to  their  bapti.'*in  in  church,  expose  them  to  a  chill  dan- 
gerous in  proportion  to  the  low  degreeof  the  outside  temperatui-e.  The 
authors  proved  this  to  be  cause  of  mortality,  by  statistics  compiled  at 
diflerent  seasons  and  in  distinct  localities,  aud  demanded  a  reform  of 
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these  murderous  laws  and  the  substitution  of  au  authorized  certiticAte 
for  the  actual  presence  of  the  infant.  Their  opinion  vas  founded  apoii 
unanswerable  proofs,  but  it  is  not  esisy  to  contend  against  the  routine 
of  established  custom.  This  reform  did  not  take  place,  still  another 
generation  was  needed  to  receive  it  with  tolerance;  it  i;only  in  our  day 
that  the  principle  at  stake  has  been  definitely  acknowledged. 

III. — HIS   THBOHBTICAl.    VIEWS. 

Enough  notice  lias  been  given  to  the  books  and  special  work  of 
Milne  Edwards.  Surely  the  original  and  special  studies  of  a  learned 
man  are  the  necessary  basis  of  his  work,  and  it  is  principally  by  means 
of  such  that  he  acquires  authority.  However,  these  do  not  constitate 
his  entire  work,  and  often  not  the  essential  part  of  it.  This  last  resta 
rather  upon  the  labors  accomplisbed  as  a  whole  by  the  author,  by  unit- 
ing his  individual  work  witli  tlie  bearing  of  the  general  ideas  and  theo- 
ries he  promoted.  This  continnation  Is  not  wanting  to  Milne-Edwards. 
From  the  beginning  of  his  career  he  wrote  treatises  on  the  ditfusioD  of 
knowledge  among  the  people,  specially  useful  in  lines  of  instraction 
that  set  forth  the  views  and  natural  laws  for  which  his  name  still 
stands. 

These  views  were  prineipaUy  developed  in  worksot'a  moreori^nal 
character  that  still  remain  to  science,  such  as  the  Natural  History  of 
Crustaceans,  which  comprises  this  order  as  a  whole,  uniting  and  co-ordi- 
nating the  results  of  the  first  part  of  his  scientific  career ;  the  Introduc- 
tion to  General  Zoology,  and  Lessons  on  the  Physiology  and  Oomiiarative 
Anatomy  of  Man  and  Animals,  a  vast  encyclopetlia  of  nature  in  four- 
teen volumes,  setting  forth  the  labors  of  his  contemporaries  and  treating 
the  general  systems  that  have  held  a  i)lace  in  the  science  of  the  uiue- 
teenth  century. 

The  Natural  History  of  Crustaceans,  was  written  in  the  first  years  of 
the  reign  of  Louis  Philippe,  a  short  time  after  the  death  of  Cuvier,  and 
under  the  inspiration  of  the  lively  disputes  that  had  first  taken  place 
between  him  and  Oeoffry  Baint-Hilaire  with  regard  to  the  unity  and 
correlation  of  organic  systems  in  animal  species.  Milne-Edwards  con- 
tributed his  quota  of  new  facta  and  original  views  to  these  theories 
of  natural  philosophy.  He  held  to  the  anatomical  structure  of  the 
tegumentary  skeleton  of  a  great  zoological  type — the  crustaceans — a 
skeleton  having  homologous  parts  that  fulfil  the  most  ojtposite  func- 
tions, locomotion,  prehension,  mastication,  sight,  touch,  respiration, 
generation,  etc.  According  to  him  the  body  of  the  cmsta<:eaD  type  is 
composed  of  twenty-one  zoonitea  or  elementary  animals,  associated  eo 
as  to  constitute  the  animal  as  a  whole;  each  of  these  zoonites,  bup- 
ported  by  a  special  stem  that  is  connected  with  the  solid  framework  or 
dermo-skeleton  and  constitutes  a  central  ring  with  parts  banging  to 
'*.  thus  forming  a  doable  series  of  members.  If  the  zoonites  always 
°.mbled  each  other  we  would  have  a  uniform  organism  repeabog 
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itKelf  iu  every  part  like  a  iiiyriu|tuil,  but  tbid  couturiiiity  may  vary  from 
(ItiTerent  vaut^es  iju  as  tu  constitute  iv  mukiptii^ation  of  types.  In  cer- 
tain families  it  happens  sometimes  that  one  or  more  of  the  icoonitea 
failing  to  perfect  normally  causes  important  modifications  of  form  and 
structure  in  the  others  of  the  same  family,  and  cousetjueiitly  among 
neighhoring  zoonites.  8onietimes  the  adjtu.-ei!t  rings  wehl  and  mingle 
together,  this  blending  lemainiug  marked  by  the  persistence  of  certain 
grooves  or  Hues  of  less  resistani-e;  some  among  them  lose  at  a  certain 
period  the  organs  tbnt  existed  at  an  earlier  stage  of  life.  In  this  way 
the  caudal  flu  of  young  crabs  disappears  in  the  adult.  Crustaceans  of 
the  parasitic  order  present  in  this  respect  the  strangest  suppressions 
and  malformations,  retaining  at  tlie  end  of  a  certain  peri<)d  only  the 
orgausof  nutrition  that  are  necessary  to  their  ])articular  kind  of  life; 
in  compensation,  also,  sometimes  becoming  enormously  develoi>ed. 
These  abortions,  arrests  of  deTelopment,  and  atrophied  parts  not  only 
appear  amoiig  the  zoonites  but  also  in  tbeir  anatomical  elements  them, 
selves.  In  fiK:t  eiu;h  zoontta  in  turn  is  formed  of  several  distinct  parts 
or  Bclerodermites,  which  also,  by  weldiug  together,  produce  arrests  of 
developmentandatrophit'd  members.  lu  opposition  to  this  it  is  observed 
that  the  deterniinat«  pait  has  an  exeetwive  devehtpmont  and  a  rela- 
tive prei>ot)derance,  for.  Increasing  in  size,  it  extends  and  trespasses 
upon  Deighhoring  jtarta.  It  multiplies  itself,  'sometimes  by  a  simple 
repetition,  sometimes  by  a  reiloubling,  so.  to  sj>eak,  of  its  typical  parts. 
But  nature  does  not  limit  herself  to  a  single  process  to  attaiu  her 
end.  It  may  also  happen  that  this  iircimnderating  element  grows  by 
a  general  development  that  is  simultaneous  and  uniform  throughout 
th6  different  parts.  Thus  there  is  an  indefinite  variety  of  natural  com- 
binations, all  remaining  subject  to  the  limits  of  one  same  fundamental 
type  and  to  a  kind  of  economy  in  processes  and  modified  elements. 
<Jrustiu.-eans  and  marine  animals  of  the  lower  orders  in  general  oSer  a 
most  suggestive  spectacle  of  these  phenomena  to  the  philosophic 
mind. 

Nothing  is  more  hit«restiug  than  to  survey,  with  W line- Edwards,  this 
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this  rcHiwrt  tliiit  had  not  been  umleratooil  when  naturalists  devotwl 
themselves  chiefly  to  the  stndy  of  vertebrates,  the  organic  Btructore  of 
which  ia  usually  distiiict  and  specialized  as  to  functions.  In  the  lower 
orders  oftices  become  more  and  more  simplified,  the  common  or^an  has 
multiple  functions,  the  essential  character  of  these  fnnctions  tending 
to  manifest  itself  more  radically. 

While  Miluc-Kdwards  wa^  pursuing  his  original  investigations  the 
character  of  his  professorship  at  the  "  Facult«  dps  Sciences  "  led  liim  to 
embrace  the  whole  animal  kingdom  in  his  range,  and  he  kept  in  con- 
stant tonch  with  the  fresh  discoveries  of  zoologists.  He  thought  it 
expedient  to  build  n|)on  his  private  notes  a  more  enduring  work  that 
woiil<l  repri^sent  his  method  of  instruction  in  a  more  definite  manner. 
To  this  feeling  was  due  the  conception  of  bis  great  vovk,  Leatons  on 
the  I'hysiology  and  Comparative  Anatomy  of  Man  and  Animahi  wliicb 
does  the  highest  honor  to  his  conscientious  methods  and  to  the  scope 
of  his  intellect.  The  publication  of  this  book  contiuued  in  fourteen 
volumes,  over  a  term  of  twenty-four  years,  through  critical  periods  in 
Milne- Edward's  jiersonal  health  as  well  as  in  French  society. 

In  this  masterwork  the  author  approaches  first  the  stndy  of  all 
organi^ieil  systems  destined  to  divers  functions  in  the  animal  cbain. 
He  proceeds  to  follow  a  method  of  bist^trical  and  progressive  explana- 
tion that  is  fiill  of  interest  and  wortby  to  exemplify  the  march  of  the 
tinman  mind  in  the  search  for. truth.  Studying  every  organized  system, 
Milne-Edwards  shows  their  innumerable  transformations  and  the  prog- 
ress or  degradation  of  organisation  among  general  types  according  to 
the  relative  imiMrtance  of  tbe  function  to  which  the  class  is  destined; 
in  short,  he  shows  its  adaptation  to  the  varied  conditions  of  existence. 
In  this  connection  be  treats  successively  the  great  problems  offered  by 
the  stndy  of  life,  its  origin,  and  its  mnnilestations ;  problems  that  per- 
haps no  century  has  more  incessantly  and  deeply  agitated  than  onr 
own.  Milne-Edwards  might  be  reproached  for  a  want  of  boldness 
sometimes  in  the  discussion  of  tliese  great  questions,  bis  wise  and  pru- 
dent mind  preferring  to  lend  itself  to  tbe  solution  of  lesser  ones.  It  is 
certain  that  be  did  not  refu,se  to  recognize  the  evidence  of  facts  and  of 
their  relation  to  origin  revealed  to  us  by  geology;  bat  he  would  not 
engage  in  the  conjectural  line  of  systems  and  theories  by  which  the 
attempt  bas  been  made  To  explain  the.  descent  of  animals.  While 
recognizing  the  faet  tliat  living  animals  are  derived  from  animals  that 
lived  in  the  geological  periods,  lie  was  prompt  to  add  that  we  ooald  not 
account  for  the  production  of  organ  isms' capable  of  presenting  a  form 
specilically  new  and  suited  for  transmission  to  tbeir  progeny.  If  he 
declares  in  fitting  terms  that  be  "could  not  connect  himself  with  those 
who  represent  the  Deity  as  moulding  brute  matter  with  bis  bands  in 
order  to  give  foru)  to  a  preconceived  idea  of  one  organized  being  or 
another,  and  breathing  into  this  still  inert  machine  the  principle  of 
life,"  to  balance  this  statement  lie  also  adds  that  the  known  properties 


BIOGRAPHICAL   SKETCH    OF    HENKV    MILNE-EDWARUS.        723 

of  matter,  wlietlier  inert  orai^tive,  »eeiiis  to  biiuiusutUdeiit  to  give  such 
a  result,  and  that  tlie  intervention  of  a  superior  power  to  liim  appears 
uecessary.  To  biiiu  up  all,  be  reniaina  loyal  to  tbe  old  conceptiou 
which  regards  life  as  -'an  organiziDg  force  of  ponderable  matter,"  aod 
tbe  organization  of  the  liviug  being  not  the  cause  of  the  vital  power  it 
posseses,  but,  on  the  contrary,  a  consequence  of  the  prope&ties  of  that 
force. 

Milne-Edwardsdidnot  take  tip  these  new  views  of  our  time.  To  use 
a  comparison  often  made  since  the  days  of  the  ancient  poets,  tho  evolu- 
lutiou  of  life  was  likened  to  a  permanent  tlame,  according  to  the  theory 
of  a  purely  kinematic  creation  by  a  system  of  co-ordinated  impulses, 
centralized  in  some  one  direction  by  merely  mechanical  conditions, 
and  sustained  by  a  consummation  of  energy  independent  even  of  that 
direction.  To  this  couceptiou,  founded  on  factn  borrowed  exclusively 
from  the  pbysical  and  material  world  and  tending  to  regard  the  individ- 
uality of  every  human  being  as  an  illusion  and  man  himself  the  simple 
result  of  his  organic  construction,  philosophers  given  to  the  study  of  the 
moral  world  oppose  another  and  an  apparently  contradictory  concep- 
tion, which,  founded  on  the  existence  of  conscience,  regards  tlie  psycho- 
logical individual  as  primordial  and  the  exterior  world  as  dett^rmined 
by  his  own  thoughts,  having  no  intelligible  existence  outside  of  his 
mind.  Between  these  contradictory  views  and  methods  I  can  not 
decide  here;  this  is  not  the  place  to  insist  upon  the  solution  of  prob- 
lems that  must  long,  if  not  forever,  remain  veiled  to  the  weakness  of 
tbe  human  understanding.  Let  us  however  guanl  against  declining 
to  investigate  or  refusing  even  to  voice  such  questions,  either  from  tbe 
side  of  mysticism,  which  would  dei>y  the  fundamental  object  of  all 
science,  or  from  the  side  of  the  professed  skepticism,  wbicb  today 
threatens  to  overtake  so  many  wearied  minds. 

Whatever  may  be  said  and  thought  in  regard  to  this  subject,  it  was 
not  these  tremendous  tjuestious  that  our  learned  brother  preferred  to 
spend  his  time  in  considering,  it  was  not  u|>on  these  tli-.it  he  left  his 
mark.  Such  was  not  the  design  of  a  work  that  was  based  upon  the 
research  of  other  men.  A  book  of  reference,  with  whatever  ability  It 
maybe  compiled,  requiresacertainsentimentof  sacrifice  and  self-abnega- 
tion ou  tlie  part  of  its  author;  if  be  renders  tbe  greatest  services  to 
the  present  generiition  in  the  neiiessary  course  of  years  he  seldom 
escapes  finding  his  work  iuconiplete  and  old  fashioned.  During  the 
long  series  of  years  dedicated  to  its  publiiiation  sc^ience  undergoes 
various  changes,  that  become  still  more  accentuated  as  earlier  impres- 
sions give  way  to  others  in  the  la4)se  of  time.  This  is  inevitable  by 
reason  of  the  evei'-iiiereasing  number  of  workers,  the  diversity  of  lan- 
guages And  nations,  each  looking  at  science  from  the  point  of  view  moat 
nearly  conformed  to  its  own  genius  and  traditions.  Besides,  this  indi- 
viduality is  more  aggressive  than  it  was  formerly,  A  man  after  becom- 
ing learned  and  familiar  with  methoils  would  often  rather  acknowledge 
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Ilia  iu(lt;bt«due.ss  to  them  thuu  uiiroH  liimself  iiuder  the  baiiuer  of  a 
master.  By  reasim  of  these  tuaiiifold  ctrcunistaiices  a  book  of  »  general 
eharacter,  a  coiiipilivtiuii  witli  wUatever  care  it  may  Lave  been  vreiNtred. 
will  seldom  live  beyond  the  geueratioii  for  which  it  was  compiled; 
soouer  or  later  it  will  be  replaced  by  one  of  the  same  kiud  more  in 
touch  with  the  workij  of  the  day  aud  itself  destined  to  a  trausient  fame. 

IV. — aiS  ZOOLOGICAL   PHILOSOPHY. 

It  is  better  U>  dwell  upon  the  individual  and  origiual  ideas  of  Milne- 
Edwards  that  will  remain  associated  with  his  name  aud  to  which  be 
has  given  deUnite  and  lasting  expression,  if,  indeeil,  any  theory  can 
lay  claim  to  such  a  character  in  the  incessant  chancres  and  revolutions 
of  human  knowledge.  Mi  hie- Ed  wards,  in  fact,  had  been  led  by  liis 
indefatigable  labors  and  his  ever  improving  methods  of  iustructiou  to 
explain  certain  general  theories  resiiectiog  the  agencies  which  control 
the  innumerable  metamorphoses  of  organs  and  their  correlative  func- 
tions. He  took  up  these  theories  again  in  one  of  the  most  remark- 
able of  his  smaller  books,  published  iu  1858,  under  the  title  of  "An 
IntroductioTi  to  tJcneral  Zoology,  or  Notes  on  the  Tendencies  of  Nature 
in  the  Constitution  of  the  Animal  Kingdom." 

This  title  itself  is  characteristic  of  the  man  aud  of  his  tirues.  Id 
fiict,  nature  is  now  rarely  spoken  of  as  if  it  were  regarded  iu  the  light 
of  an  actuiil  personality  having  a  character,  tendencies,  and  caprices 
after  the  fashion  of  a  moral  being.  Whether  right  or  wrong,  language 
implying  that  nature  is  a  working  machine  has  been  substituted  for 
these  sentimental  expressions,  but  at  bottoui  these  later  ideas  have  no 
less  BiguiAcauce.  Iu  reality,  whatever  the  language  used,  the  question 
in  point  is  always  to  examine  aud  ascertivin  the  same  essential  rela- 
tions between  organic  systems  and  functions;  fitcts  flow  out  of  these 
relations,  or,  as  1  might  say,  out  of  the  investigation  of  living  beings 
and  thepbenomuiiaof  which  they  arc  the  seat.  Oiilyinstead  of  seeking 
to  discover  in  them  a  preconceived  design  for  some  si>ecial  and  often 
puerile  purpose,  the  scientist  recognizes  with  admiration  the  harmony 
and  general  co-ordination  in  the  permanent  regularity  of  natnriil  laws, 
the  condition  of  the  persistence  of  human  beings,  alike  as  indi\idDal 
types  and  as  successive  generations. 

One  of  the  simplest  and  most  inteiesting  of  these  necessary  rela- 
tions was  discovered  by  Milne-Edwai-da,  who  traced  its  consequences 
with  wonderful  quickness  of  jierception.  This  was  the  principle  of  the 
division  of  labor,  which  ho  first  observed  in  his  studies  of  crustaceans 
to  operate  both  in  the  development  of  the  types  of  animal  s|>ecies  and 
in  the  perfecting  of  those  types. 

To  start  from  tliis  point  of  departure,  two  laws,  according  to  Milne- 
Edwards,  are  discoverable  in  animal  organisms:  a  tendency  to  varia 
tiou,  or  the  law  of  change,  and  the  hiw  of  economy  by  virtue  of  which 
this  variat'  '  '.cc  in  each  type  within  given  limits,  exhaust- 
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ing  all  tlie  (-01  nbi nations  (M>inprised  iu  those  liinibj.  But  tli<-  variations 
themselves  are  not  produce^l  by  chance, — and  juHt  at  this  point  this 
author  begins  to  [iresent  oripiial  views,— they  take  pla<;e  throagh  a 
principle  similar  to  that  which  governs  the  mechanical  industry  and 
organization  of  hnnian  societies,  the  principle  of  the  division  of  labor. 
This  is  in  a  manner  borrowed  by  political  economy. 

When  human  societies  are  in  their  primitive  stage  each  man  is 
obliged  to  piovido  for  his  separate  needs,  he  must  procure  his  fiKxl, 
construct  his  dwelling,  manufacture  his  clotlilng  and  nil  objects  neces- 
sary to  his  life,  health,  and  [>ersonal  defense.  Among  civilized  i)eople8, 
on  the  contrary,  Piuih  member  of  the  a3sociati<m  devotes  himself  to  the 
accomplishment  of  a  tixeil  portion  of  this  labor,  but  he  performs  this 
•with  a  greater  degree  of  economy  and  i>erfection ;  thus  the  (vtfitii 
machine  becomes  co-ordinated  and  hierarchical  while  lieing  iierfected. 

To  carry  these  ideas  into  the  animal  order  .every  living  creature  is 
fitted  to  procure  food  and  to  reproduce  its  kind,  these  fundamental 
Aiuctions  being  common  to  vegetables  and  nnimals.  The  distinctive 
feature  of  the  latter  is  that  they  are  capable  of  feeling  and  of  motion, 
these  functions  being  fultilled  in  a  way  that  leads  to  the  persist«n(w  of 
the  individual  and  of  the  spe<-iea;  it  may  be  said  that  every  animal  is 
absolutely  perfciit.  The  human  mind  however  conceives  of  different 
degrees  iu  this  pert'c<;tion.  At  the  foot  of  the  hulder  we  perceive 
animals  tike  sponges  and  eertaiu  zoophytes  constituting  a  mass  of 
uniform  apijetirance  qualitied  for  the  same  functions  thivtughout  all 
the  parts,  while  i>erforming  apparently  automatic  movements.  The 
same  tissue  seizes  the  food  to  be  digesred,  c^ontracts,  dilates,  breathes 
at  the  expeusti  of  the  surrounding  watery  medium,  appears  to  be 
atl'ected  by  the  sensations  of  light  and  heat,  is  uniltiplied  and  repro- 
duced in  the  ciise  of  spontaneous  or  accidental  fraclure.  A  hydroid 
polyp  may  be  cut  in  pieces  and  each  separate  piece  will  be  capable' 
of  carrying  on  without  chiiuge  an  individual  existence  similar  to  that 
of  the  original  body.  IJy  this  it  will  be  seen  that  the  function 
existed  before  the  organ :  I'tir  friun  lieing  tlie  product  of  the  organ  it 
serves  to  fit  it  for  a  spei-ial  purpiwe.  In  fact,  by  the  side  of  these  simple 
animals,  such  as  st>onges  or  hydroid  lH>lyps,  we  meet  with  others  iu 
which  each  function  begins  t^i  be  set  apart  for  special  purposes.  Diges- 
tion is  performed  in  s])ei-ial  cavities,  generation  is  eflei-ted  in  a  distinct 
mauner;  circulation,  respiration,  power  of  motion,  all  the  sensations 
a4-quire  in  succession  their  proper  working  apparatus,  to  be  in  turn 
divided  into  different  parts  tiiut  are  destined  Ut  the  performance  of  one 
of  the  acts  of  whtdi  the  wliole  constitutes  the  general  function. 

Thus  digestion  first  taking  place  in  an  interior  cavity  provideil  with 
a  tissue  similar  Ui  that  which  constitutes  the  general  surface  of  the 
body,  asm  acquires  a  special  cavity,  a  stomach  at  first  adventitious 
and  temiHtrary,  but  becoming  permanent  in  other  s|>ecies.  In  pro[K)r 
tion  as  the  scale  of  life  ascends  the  auimal  is  at  the  proper  time  pi 
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vided  witU  oriflceH  forreceiviuguoumbnieDtaiidfurtlii'owiiig  off  waste 
matter,  also  witb  fixed  conditions  of  life  and  a  definite  form.  Next, 
tbe  digestive  apparatus  is  divided  into  several  regions,  one  designed 
for  the  introduction  of  tVmd,  another  for  its  vbemical  operations,  aud 
still  another  tor  tlie  absorption  of  mitritive  juices.  The  form  of  each 
of  these  regions  is  again  subdivided,  preiieusile  organs  are  seen  to 
appear  empIoyc<l  for  seizing  prey,  other  organs  employed  in  sharing 
aud  submitting  it  to  a  preliminary  mechanical  preparation.  SiK'cial 
glands  are-  observed  that  manufacture  chemical  agents  denigiied  Ut 
effect  chunges  in  the  various  kinds  of  food.  In  other  cases  the  trans- 
portation of  digested  material  insteud  of  being  effected  by  contact  sad 
by  means  of  diffusion  among  the  tissues,  gives  place  to  a  new  appara- 
tus which  carries  tliem  thoughout — this  is  the  vascular  system — and 
by  virtue  of  a  growing  specialization  it  develops  a  double  current  for 
distributing  the  fluids  ev^n  to  the  most  remote  organs,  where tbey  give 
up  their  nutritive  elements,  and  are  brought  back  to  the  center  to  again 
resume  their  Urst  office;  from  this  process  the  vessels  and  the  heart 
result,  which  again  separate  into  different  part«,  each  ]>erformiag  a 
distinct  M;t. 

In  this  may  be  observed  all  the  applications  of  the  new  principle  and 
its  indueiice  upon  the  division  of  organic  labor  as  distributed  into 
multiplied  functions,  estch  one  ]>erformeil  by  a  suitable  apparatus 
resulting  from  the  specialized  development  of  one  part  or  another, 
henceforth  to  be  set  apart  for  one  sole  purpose,  whilst  it  becomes 
insiiflident  if  not  absohitely  useless  for  all  other  purposes.  It  must  be 
understood  in  addition  to  this  that  this  iiartial  function  remains  neces- 
sarily co-ordinated  with  other  functions  in  the  geueral  physiological 
action  of  which  it  performs  one  jiHrt,  that  is  to  say,  that  the  complete 
system  while  centralizing  more  and  more  always  as  a  whole,  becomes 
particularized  into  special  organs. 

The  result  of  this  provision  is  work  better  done  and  continually  jier- 
fected,  so  that  as  a  result  of  the  principle  of  the  division  of  labor  we 
have  the  perfecting  of  particular  organs  for  a  special  purpose,  along 
with  the  elevation  of  the  general  animal  type  and  of  the  part  it  plays 
in  the  order  of  nature. 

Advancing  still  further,  the  jirinciple  of  the  division  of  labor  enables 
us  to  reach  the  heart  itself  of  zoological  philosophy.  From  the  moment 
that  the  organ  does  not  create  the  fun(;tion,  but  is  on  the  (contrary 
modified  and  adapted  by  it,  from  the  point  of  view  of  classification  the 
form  and  even  the  existence  of  the  organ  do  not  assume  the  arbitrary 
significance  it  was  formerly  deemed  neressary  to  attribute  to  them;  it 
it  is  no  longer  permissible  to  speivk  o<'  established  and  prei>onderating 
ty[>es.  On  the  contrary  the  zoological  significance  of  one  anatomical 
type  varies  continually  in  passing  from  one  group  of  animals  to  anotlier. 
It  varies  even  in  similar  parts  of  the  same  auimal,  according  to  the 
diverse  functions  the  organ  is  called  upou  to  peribrm. 
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We  see  from  this  liow  the  new  piiiiciple,  slightly  vague  at  the  firat 
glance,  acquires  an  ever-iocreasitig  clearness  mid  importance  by  reason 
of  its  chain  of  deductions.  The  applications  that  may  be  made  of  this 
far-reaching  principle  are  innumerable  and  infinitely  varied;  it  may  be 
said  it  controls  tbe  entire  catalogue  of  animal  life. 

\\'e  mnst  not  forget  that  this  progress  is  often  relative.  If  mollnsks 
have  a  general  superiority  over  insects  because  of  their  digestive  appa- 
ratus and  circulation,  tbey  are  on  tbe  contrary  iuferiorin  theirorgans 
of  locomotion  and  the  activity  of  tlieir  life  in  general.  In  a  higher 
order,  if  man  is  superior  in  intelligence  to  the.dog,  he  has  less  highly 
developed  olfactory  organs;  h\n  sense  of  sight  in  also  equally  inferior  to 
that  of  most  birds. 

Other  examples  still  niigbt  be  given.  In  fact,  we  have  likened  the 
principle  of  the  division  of  labor  in  animal  organisms  to  that  which 
takes  place  in  the  history  of  humanity.  But  if  we  compare  societies 
of  animals  to  human  societies  we  will  see.  tliat  the  functional  division  of 
social  work  is  often  carried  to  a  greater  extent  among  the  former  than 
among  men.  Among  ante  and  bees  tbe  work  of  reproduction  of  the 
.specie.^  is  distinct  from  the  work  of  maintaining  the  cotooy.  Certain 
individuals,  sometimes  (me  only,  are  set  aside  for  the  generative  office. 
Tliere  is  only  one  female  in  a  hive  of  Iwes.  while  the  colony  is  fed  and 
supported  by  the  activity  of  the  working  bees  that  have  become  sterile 
by  the  atrophy  of  tbe  organs  of  generation.  To  a  systematic  mind  this 
feature  of  animal  societies  would  seem  to  be  a  mark  of  superiority,  but 
I  shall  not  insist  upon  this  claim.  I  have  only  wished  to  show  the 
relation  the  progress  of  the  lower  animals  bears  to  onr  own,  and  tbe 
analogies  that  exist  in  certain  respects. 

Whatever  these  analogies  maybe  Ihey  add  nothing  to  the  imtior- 
tance  of  tbe  principle  of  the  division  of  labor,  and  the  interest  of  the 
general  dednctitms  flowing  therefrom.  It  is  greatly  to  the  honor  of 
Milne-Edwards  that  he  has  shown  the  full  bearing  of  this  principle, 
and  followed  up  its  application  with  a  keenness  of  perception,  method  of 
logic,  and  force  of  deduction  that  are  incomparable.  However  exten- 
sive the  work  of  a  learned  niaii  nmy  be,  whatever  personal  authority 
he  may  derive  from  his  times,  his  name  rests  with  posterity  only  on 
what  it  stands  lor,  whether  this  be  the  discovery  or  exphination  of 
some  remarkable  fact,  or  the  demonstration  of  a  general  theory  and 
its  bearing  u|>on  a  science  as  a  whole.  This  latter  claim  Milne- 
Gdwards  had  the  good  fortune,  the  talent,  and  the  lasting  glory  to 
establish,  and  in  consequence  his  name  will  roinutu  anmng  those  of 
tbe  leading  naturalists  of  the  nineteentli  century. 
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